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In a general discussion of comets, we not infrequently hear the 
question raised as to the likelihood and possible results ofa colli- 
sion withour Earth. Thegeneralimpression seems to be that such 
an event is not at all likely to occur, but that if it did the 
result would be most disastrous. Young in his General Astron- 
omy quotes Babinet, who thought a collision was likely to 
take place once in about 15,000,000 years. The matter is very 


simply computed, but we must first define our terms. By a 
comet we mean a visible comet, that is to say one shining by 
its own light. 


By acollision we shall mean first that any part of the Earth 
strikes any part of the comet’s head, and second that any part 
of the Earth strikes the most condensed point in the head, 
which we will call the core, as distinguished from the larger 
nucleus. What the average size of a visible comet’s head may 
be we have no accurate means of knowing. Young estimates 
that for a telescopic comet it averages from 40,000 to 100,000 
miles in diameter. The diameter of the head of the great comet 
of 1811 was 1,200,000 miles, that of Holmes’ comet in 1892, 
700,000 miles, and for naked eye comets generally over 100,000 
miles. Let us, however, take the mean of the telescopic comets, 
and call the average diameter of the head 70,000 miles. In the 
first case then the comet’s core must pass within 39,000 miles 
of the Earth’s center, and in the second case within 4,000 miles. 
The first case is therefore 95 times more likely to occur than the 
second. 

Calling the distance of the Sun 9.3X10' miles, the area 
of the sphere constructed on the Earth’s orbit as a great 
circle, divided by the area of a great circle of the Earth is 
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oX0.2' x10" = 21.610°. Therefore, the core of one comet in 

4? 10° 
every 2,160,000,000 would strike the Earth if they all proceed - 
ed directly towards the Sun. The mean perihelion distance of 
those comets which penetrate the sphere of the Earth’s orbit 
is 0.612, but grouping together those comets whose perihelion 
distances are about the same, and computing for each group 
separately the area of the surface of the sphere intercepted by 
it, we find that the mean surface is about twice as great as if 
the comet entered it normally. Therefore, the core of one comet 
in about 100,000,000 will strike the Earth. 

In the last half of the last century 121 comets including 
returns, penetrated the sphere of the Earth’s orbit. Theretore, 
we should expect to be struck by the core of a visible comet once 
in about 400,000,000 years, and by some portion of the head 
once in 4,000,000 years. Since comets’ orbits are more thickly 
distributed near the ecliptic than in other regions of the sphere, 
the collisions will occur rather more frequently than this, but 
hardly as otten as once in 2,000,000 years. 

Since it has been estimated that animal life has existed upon 
the Earth for about ‘100,000,000 years, a considerable num- 
ber of collisions, perhaps as many as fifty, must have taken 
place during that interval, evidently without producing any 
very serious results. 

But besides the visible comets, there are doubtless very many 
others that are invisible to us. Some of these are large, but 
happen to be unfavorably situated for observation owing to 
moonlight or other causes, some are too small to be seen, while 
other have ceased to be self-luminous. 

In this latter class must be included a very large number be- 
longing to Jupiter’s family, whose orbits lie near the ecliptic and 
which have not yet fully disintegrated. These we must meet 
more frequently than the others because they are constantly 
returning to perihelion. Whether we are in the habit of en- 
countering the invisible comets ten times or one hundred times 
as often as those that are visible to us we have no means of 
knowing. Perhaps the latter figure is the more probable, since 
comets that are in the process of disintegration become gradual- 
ly lengthenej out until what were originally their heads finally 
become distributed throughout their entire orbits. Here it be- 
comes largely a matter of definition of terms, but an invisible 
comet whose head has become lengthened as much as ten times 
is perhaps more properly referred to as a meteor swarm. Some 
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will doubtless define any invisible comet as a meteor swarm. 
During the great star shower of 1833 we must have passed 
pretty close to the core of an invisible comet, and perhaps a 
similar encounter with the same comet occurred in 902, the 
so-called ‘‘year of stars.”’ 

The question may now be raised have we any terrestrial evi- 
dence of the actual collision of the Earth with a comet? In the 
May number, page 273 of PopuLarR AsTRONOMY, it was shown 
that there is reason to believe that the stony meteorites are of 
terrestrial origin, having been formed at the time of the birth 
of the Moon, while the iron meteorites are associated with fall- 
ing stars, and therefore with comets. Ina paper by O.C. 
Farrington on the Geographical Distribution of Meteorites 
published in Popular Science Monthly of 1904, Vol. 64, 
page 351, there is a map of the world showing the location of 
the various places where meteorites have been found. Nearly all 
have come from the eastern and central United States, Northern 
Mexico, western and central Europe and India. The area in the 
eastern hemisphere is perhaps three or four times as large as 
that in western. 

Dr. Farrington states that in the western hemisphere 74 stony 
and 182 iron meteorites have been found. 
sphere there were 299 stony and 79 


In the eastern hemi- 
iron meteorites, With 
about four times the area, we find four times the number of 
stony meteorites in the eastern hemisphere, which is what we 
should naturally expect. If the distribution of the two kinds of 
meteorites were in the same proportion, and if 79 iron meteorites 
fell in the eastern hemisphere, then we should expect to find 19.6 
in the western. Instead of this, we find 182, or more than nine 
times as many. 

If the iron meteorites had been uniformly distributed in time, 
so that a few fell each year, it is impossible that such a marked 
preference for one hemisphere should exist. If, however, most 
of them fell upon the same day, within a few hours, or minutes 
of one another, as the result of the collision of a comet with our 
Earth, we can see at once how this irregular distribution in 
location might occur. 

The date of fall of only ten iron meteorites has been recorded. 
These are arranged in the tollowing table according to months. 
Only the year of fall of the last meteorite is known. The weight 
in kilograms is given inthe last column. Seven of these bodies 
were found in the eastern hemisphere and but three in the 
western. 
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IRON METEORITES 


Date Year Locality Weight 
Jan. 22 £1870 Nedagollah, India 4.5 
Mar. 27 1886 Johnson Co., Arkansas 47 
Apr. 20 1876 Rowton, England 3.5 
May 26 1751 Agram, Bohemia 48 
June 15 1900 N’gourema, Sudan _ 
July 14 1847 3rawnau, Bohemia 24 and 17 
Aug. 1 1835 Dickson Co., Tennessee 3.5 
Aug. 1 1898 Quessa, Spain _ 
Nov. 27 1885 Mazapil, Mexico 4.0 

-_ — 1863 Nejid, Arabia 59 


We all know how surely, as shown by archeological re- 
searches, not merely small objects, but even large buildings, 
when abandoned, become covered by the soil, in the passage of 
the centuries. This applies to fertile as weli as to desert 
countries, and is due partly to the wind, and partly to vegeta- 
tion. Since all the iron meteorites are found on the surface of 
the ground, or only in part buried beneath it, they must all 
have fallen at a comparatively recent date, while doubtless very 
many more lie at but a short distance beneath the surface. The 
cometary collision must therefore have been a recent one. 

Ifthe core of a comet had struck the western hemisphere of 
our Earth, it would be much more likely to have fallen into the 
sea than upon dry land, since the land area is so much the 
smaller of the two. Nevertheless, there is a very remarkable 
feature of our continent, that is without its parallel elsewhere 
in the world. Reference is here made to the elevation known as 
Coon Butte in northern Arizona. This formation is unfortunate 
in its name, since it is not a butte, nor are there any raccoons in 
its vicinity. It has within the past few years been investigated 
very carefully by Messrs. D. M. Barringer and B. C. Tilghman. 
These gentlemen have sunk shafts and drill holes in its interior, 
and dug trenches upon its outer slopes, and have published a 
monograph giving the results of their investigations in the 
Proc. Acad. Nat. Sci. of Philadelphia, 1905, 861. A further 
publication by Dr. G. P. Merrill, with numerous excellent illus- 
trations is contained in the Smithsonian Miscellaneous Collec- 
tions 1908, Vol. 4, 461. The geological statements which follow 
are summarized from these two papers. 

The geological formation of the region is fortunately very 
simple, and consists of horizontal undisturbed layers of sedi- 
mentary rocks, white sandstone being overlaid by yellow lime- 
stone, and finally by a thin layer of red sandstone occurring in 
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isolated localities. The thickness of these layers for 1,000 feet 
or more is known, owing to the presence of the Cajfion Diabolo 
in the immediate vicinity, of a driven well at Winona ten miles 
distant, and finally of the Grand Cafion of the Colorado and its 
branches seventy to eighty miles away. 

In the midst of an open plain there lies a round gently sloping 
hill 150 feet in height, containing a crater with precipitous walls, 
three-quarters of a mile in diameter, and 600 feet in depth. 
The walls are composed of broken tragments of the upper layer 
of the stratified rocks, and no igneous rocks nor any volcanic 
formations whatever exist within twelve miles of it. Drill holes 
sunk within the crater show that at the center, at a depth of 
only 1000 feet, the original strata are undisturbed. It is 
therefore clearly a surface formation, a pseudo crater, and can- 
not owe its existence in any way to volcanic forces. 

This locality has been known for years as the source of the 
so-called Cafion Diabolo meteorites. From ten to fifteen tons 
of these bodies have been exported for commerical purposes. 
They are of the nickel-iron variety, and contain no stony mat- 
ter. Those which have been found since Messrs. Barringer and 
Tilghman took possession of the property, now some 2,000 in 
number, were arranged in a crescent, situated concentrically with 
regard to the crater, and extending to an extreme distance from 
it of two and a half miles. Recently considerable quantities of 
so-called ‘“‘iron shale’ have been found. This consists chiefly of 
the oxides of iron and nickel. It sometimes occurs in spherical 
masses several inches ‘n diameter, and often at the center isa 
piece of meteoric iron. Its distribution is similar to that of the 
other irons. 

Beneath the floor of the crater are found enormous deposits 
of nearly pure silica, in an extraordinarily finely divided state. 
Although under a microscope the particles are seen to be sharp 
and angular, they are so fine as to be invisible under an ordinary 
lens and to give no feeling of grit when taken between the teeth. 
Such material cannot be produced by ordinary erosion, and can 
only be due to the shattering of the substance by a sudden 
blow. Mixed with this silica has been found meteoric material 
extending to a depth of 900 feet below the level of the original 
plain. It is therefore evident that the formation of the crater 
and the deposition of the meteoric material took place at the 
same time. 

The meteoric deposits lie to the northeast of the crater, hence 
we should naturally suppose that the great mass came original- 
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ly from that direction, the smaller pieces suffering greater resist- 
ance from the air, and therefore talling behind it. It has been 
shown that this great body must have been broken into many 
pieces by the shock of the collision, otherwise it would have 
made its presence felt in the magnetic survey conducted for the 
purpose of its detection by Professor Gilbert of the Geological 
Survey. At least three bore holes out of five sunk near the 
center of the crater have struck what appear to be large pieces 
of meteoric iron, at depths of from 700 to 900 feet below the 
level of the surrounding plain. 

Artillery experiments have shown that solid round shot, 
traveling at about 1,800 feet per second will penetrate sand- 
stone for two diameters of the shot, making a crater-like cavity, 
before the iron ball is shattered in pieces. If thisruleis applied to 
the great meteoric mass in question, we should expect its 
original diameter to have been about 450 feet. Without doubt 
it was moving at a much higher speed than the cannon balls, 
which would imply a smaller body, but on the other hand it 
was probably relatively more fragile, on account of its greater 
size. We cannot consider the above estimate, then as anything 
more than a rough approximation. 

The only serious objection to the theory of a collision with a 
great meteorite is the lack of evidence of a high temperature. 
That the irons and iron shales have been heated is obvious, and 
also it is clear that a relatively small amount ot quartz has been 
softened by heat, but why great masses of quartz, formerly in 
a liquid state have not been discovered seems inexplicable, unless 
the meteorite was really moving at a comparatively slow speed. 
Possibly some specimens will be found lving beneath its broken 
fragments, when these latter are uncovered. 

The nucleus of the head of acomet must not be thought of as 
a solid body. In some comets the nucleus is a large object. In 
that of 1845 III it measured 8,000 miles in diameter, and in 
that of 1858 VI it measured 6,000 miles. The nucleus is merely 
the brightest portion of the gaseous atmosphere by which alone 
the head is made visible. In some cases it is granulated like a 
star cluster, in most comets there is no nucleus at all. It is 
probable that in general the head consists of a number of large 
meteorites surrounded by many smaller ones. If the comet is a 
visible one, each of these meteorites is surrounded by its own 
atmosphere. If the comet is invisible, the meteorites are still 
there, by they have lost their atmospheric envelopes. 

If the Earth traversed the head of a comet at the time that 
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Coon Butte was formed, we must not consider the great meteor- 
ite that we have been discussing necessarily to have been its 
core. This meteorite may have been only one out of many, 
some perhaps much larger than itself. Many of these huge 
bodies may have escaped the Earth altogether, while others per- 
haps lie buried in the Pacific, which is distant from Coon Butte 
by only about 400 miles. 

If merely a coincidence, it is certainly surprising, considering 
the total extent of the land surface of our globe, that of the 
world’s ten largest meteorites, seven should have fallen within 
900 miles of Coon Butte. In the following list each meteorite is 
followed by its weight in tons and its distance in miles. All are 
of the nickel iron class. 

LocCALITY WEIGHT DISTANCE 
Anighita, Cape York, Greenland 38 3000 
Bacubirita, Sinaloa, Mexico 20 650 
Chupaderos, Chihuahua, Mexico 16 600 
Williamette, Clackamas Co., Oregon 16 900 
San Gregorio, Chihuahua, Mexico 11 600 
Bemdigo, Bahia, Brazil f — 
Cafion Diabolo, Coconino Co., Arizona 0 
Cranbourne, Melbourne, Australia _ 
Concepcion, Chihuahua, Mexico } 650 
Rio Florida, Chihuahua, Mexico 3 650 

It is said that a large iron meteorite weighing twelve tons has 
recently been discovered somewhere in the state of Washington. 
Its distance from Coon Butte is therefore about 1,100 miles. 

The Chupaderos, San Gregorio, Concepcion, and Rio Florida 
meteorites all lay within one hundred miles of one another, and 
Professor J. L. Smith has suggested, American Journal Science, 
1871, Vol. 102, 338, that they are all parts of one fall. It is 
suggested in this paper that nine out of the ten, including the 
Bemdigo meteorite might have fallen at the same time, since this 
last is located only 80° distant from Coon Butte, measured on 
the arc of a great circle. The Cranbourne meteorite, however, is 
clearly on the other side of the globe, and hence must have fallen 
at another date. A better idea of the size of these bodies may 
be obtained if we give the dimensions of three of the larger 
ones in feet. The Anighita meteorite measures 13X65 feet. 
The Bacubirita the same, and the Williamette 10X74. The 
fact that none of these great bodies penetrated the soil to any 
great extent, or crushed the rocks upon which it fell, indicates 
that they must have been moving comparatively slowly. 

Had they been in the form of round shot, moving at a speed 
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of 1,800 feet per second, we should have expected them, as we 
have already seen, to have buried themselves even in sandstone 
to a depth of two diameters, and then to have broken in pieces. 
In the case of the Bacubirita and Williamette meteorites, they 
buried themselves instead in soft ground to a depth of one diam- 
eter. The former then brought up on a ledge of rock, but was 
neither fractured nor seriously defaced. No statement is made 
by Ward in his paper regarding the nature of the ground 
beneath the Williamette meteorite. All the other Mexican me- 
teorites have been removed from the spots where they originally 
fell,so that no information is now available with regard to their 
original velocities. The mere fact that they were found at all, 
implies, however, that they probably had not sunk more than 
one diameter into the ground. 

That meteorites sometimes have considerable penetrative 
force is shown by the case of the one that tell at Knya- 
hinya, Hungary, which buried itself in the soil to a depth of 
eleven feet, or between three and four of its diameters, before 
it fractured. The soil beneath it was found compressed to a 
stony hardness. This meteorite weighed 660 pounds or only 
about one tenth part as much as the smallest of the ten great 
iron ones. Moreover, this one was of stone, and so had but 
one third the specific gravity of the others, from which we con- 
clude that they were moving at a comparatively low speed. 
This is turther corroborated by the fact that the iron meteorite 
that fell at Agram, Bohemia, in 1751, although but 100 pounds 
in weight, buried itself to a depth of fifteen feet. The similar 
meteorite, of nearly identical weight, which fell at Cabin Creek, 
Johnson Co., Arkansas, in 1886 buried itself to a depth of three 
feet or about twice its largest dimension. The first of these 
was broken in two, the other was unfractured. 

Considering the velocity with which all meteors enter our 
atmosphere, it is certainly a matter of surprise that the speed 
with which they reach the ground should be so leisurely. A me- 
teorite falling vertically encounters no more gaseous molecules 
than acannon ball that has traversed five miles of air at the sea lev- 
el. Yet a modern projectile at the end of five miles is clearly moving 
much faster than any iron meteorite whose effects have hither- 
to been recorded. The cause of this extreme retardation is prob- 
ably the resistance of our atmosphere, not to the meteorite 
itself, but rather to the atmosphere of the meteorite, which 
latter is constantly being generated by evaporation of the 
metal or stone in quantities proportional to the exposed surface. 
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The extraordinarily slow speed which we concluded was pos- 
sessed by the great meteorite of Coon Butte, seems to have been 
also characteristic of the large iron meteorites that we have 
associated with it, as well as with the majority of the smaller 
iron meteorites that fell in prehistoric times, and that are now 
found upon the surface of the ground. If all originated from 
the same comet, then this slow speed indicates that the comet 
and the Earth were moving in the same direction, and since the 
comet was near perihelion, it must have been moving the faster 
of the two and, therefore, overtook the Earth. The falls there- 
fore occurred between noon and midnight. 

Mr. Tilghman thinks from geological appearances that the 
collision at Coon Butte certainly occurred within 5,000 years, 
while stunted cedars growing on therim of the crater show from 
their rings of annual growth, that the event must have taken 
place at least 700 years ago. From the consideration already 
adverted to, that such an excess of iron meteorites, which we 
suppose to have fallen at the same time, are still found lying on 
the surface of the ground, all over the American continent, it 
would appear that the lesser figure is much more likely to be 
correct than the larger one. 

The civilized nations of those days were all on the other side 
of the globe, with China in full daylight, and Europe in the 
-arly morning hours. We can expect no testimony from them 
therefore that will be of value, unless indeed we accept the rather 
indefinite statement quoted by Chambers in his Handbook of 
Astronomy 1889, 616, that in some Eastern Annals of Cairo it 
is related that in August, 1029, ‘‘many stars passed with a 
great noise and brilliant light.’’ Cairo is about 100° distant 
from Coon Butte, measured upon a great circle, so that if the 
radiant was near the zenith in Arizona, meteors might have 
traversed the sky tangent to the Earth’s surface at Cairo. if 
the event described refers to a meteoric shower, as the phrase 
‘‘many stars’? would seem to imply, it was certainly unique in 
occurring with “a great noise.”’ During the splendid show of 
Leonids in 1833, oze of the most impressive features was said 
to be the deathlike silence that prevailed. The loud noise would 
imply that the meteors closely approached the Earth’s surface 
where the atmosphere is dense, which would mean that they 
were moving slowly relatively to the Earth. Regarding the 
date, August 1029, it is of interest to note that of the ten iron 
meteorites whose dates of fall are known, two should have fallen 
upon August 1. 
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A fact which should not be overlooked in this connection is 
that the great Mexican meteorites were considered holy by the 
Indians, in the time of the Spanish invasion. Indeed, some of 
them had already been removed from their original resting 
places, before the coming of the Spaniards. This would seem 
to imply a knowledge of their celestial origin, and to furnish an 
indication of their comparatively recent fall. A similar atten- 
tion was paid to the palladium of Troy, to the image of Diana 
at Ephesus, and to the sacred shield of Numa, all of which 
were saic to have fallen from heaven, and were doubtless 
really meteorites. 

There appear to be neither Mexican nor Indian traditions 
that the heavens at any time appeared to be on fire with falling 
stars. There appears to have been no wide spread catastrophe 
due to asphyxiating gases, such as might be indicated by 
scattered human and animal skeletons. Altogether no particu- 
lar harm seems to have been done by the collision excepting at 
the immediate point where the great meteorite struck. 

Although we are not able to identify the comet which may 
have caused this collision, there is one fact given by Barringer 
and Tilghman that should not be overlooked. This is the 
statement that the meteorite clearly came from some point to 
the north of the zenith. The latitude of Coon Butte is +36°, 
therefore, the radiant of the comet must lie appreciably north of 
this declination. This eliminates eight-tenths of all the comets 

‘known. Of the few whose orbits at the present day nearly 
intersect that of the Earth, as indicated by their associated 
meteor showers, we are thus able to eliminate those associated 
with the Lyrids and the Leonids. The radiant of the Perseids 
is in declination +57°, but these meteors although coming in 
August, as described in the Annals of Cairo, move altogether 
too fast ever to reach the Earth’s surface, and a slow speed is 
definitely indicated by the great meteorites already mentioned. 

The radiant of the Andromedids isin declination +44°, or 8° 
north of the latitude of Coon Butte. One iron meteorite 
apparently connected with this swarm did actually 
reach the ground at Mazapil in northern Mexico in 
1885 during a shower of Andromedids. A most interesting ac- 
count of this event by W. E. Hidden is given in the American 
Journal of Science 1887, Vol. 135, 221. These meteors are con- 
nected with Biela’s comet, a companion of which, as computed 
by Klinkerfues and observed by Pogson, perhaps touched the 
Earth in 1872. The Andromedids, however, encounter the 
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Earth at a speed of eleven miles a second, which seems much 
too high as compared with that of the great meteorites. The 
Mazapil meteorite for example penetrated the ground to a depth 
of twelve inches or two diameters, although weighing only ten 
pounds. Moreover, the date of this swarm, which falls in 
November, is inconsistent with the observations made at Cairo. 
These observations, however, dre too indefinite to carry much 
weight, and the date obtained from them can be looked on 
merely as a suggestion. 
Harvard College Observatory. 
April 14, 1909. 





ON THE NATURE AND POSSIBLE ORIGIN 
OF THE MILKY WAY.’ 


GEORGE C. COMSTOCK 


While the milky way has long been recognized as a relatively 
thin segment of space in which stars appear more numerous 
than elsewhere no satisfactory explanation has been offered for 
the existence of such a segment with the Earth apparently at 
its center, or for any of its characteristic peculiarities of aspect 
and relationship to the stars as a whole. Noteworthy among 
the features calling for explanation are the following: The 
milky way is a belt approximately following a great circle of 
the sky but broad and diffuse throughout one-half of its course 
while relatively narrow and well-defined on the opposite side. 
The broad half of the belt is cleft in two by a dark lane running 
along its axis and in addition contains numerous rifts and holes 
from which the narrow half is relatively free. The number of 
Stars per unit area of the sky isa maximum in the milky way 
and diminishes progressively on either hand while the inverse 
relation is true for the nebulae, their frequency increasing with 
increasing distance from the milky way. 

It is shown in the present paper that all these peculiarities are 
immediate results of the supposition that the visible universe 
consists in the main of two distinct but interpenetrating parts, 
the first of which is a chaos of indefinite extent in which stars 
and cosmic dust are distributed with some rough approach to 
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uniformity in general, but with a marked tendency to loca) ag- 
gregations and clusterings. Through this chaos moves the sec- 
ond part, a cluster of stars of great but measurable dimensions, 
long, broad but comparatively thin and including the Sun as 
one of its central members. The diameter of the cluster is to 
be measured in hundreds of light years and throughout at least 
a large part of its central regions the stars are much more dense- 
ly clustered than in the external chaos. 

In accordance with well known dynamical laws this moving 
star stream would operate much after the fashion of a snow 
plow, sweeping away the cosmic dust from its path and piling 
it on either hand, above and below the plane of the cluster. 
The transparent rift thus formed is the milky way through 
which we see farther and command a view of more stars than 
through the intensified dust clouds on either side. The dust 
ejected toward the poles of the milky way constitutes the sub- 
stance of the nebulae which there abound. 

The narrow half of the milky way is that which lies behind 
the moving swarm since here we see the accomplished work of 
ages and look between dust clouds long since produced that 
converge to a vanishing point. Ahead, in the direction of mo- 
tion, the work of clearing a path is in progress and relatively 
near at hand, so that the partially cleared space subtends tor 
us a broader angle, in the midst of which there have collected 
considerable quantities of primordial dust, the slower moving 
particles, which have been captured and permanently annexed 
by the vanguard of the swarm. The annexed dust cloud con- 
stitutes the long cleft in the milky way while its attendant holes 
and rifts mark unfinished work on the inchoate side of the galaxy. 

The interpretation of the milky way here offered must not be 
judged solely by its consonance with the phenomena above sug- 
gested. It must harmonize with every other fact known about 
the milky way and it has been the task of the author to seek 
widely for discord as well as harmony between such facts and 
the theory above outlined, making the test wherever possible a 
quantitative numerical one. No serious discordance has been 
found but the agreement with knowledge hitherto vaguely (or 
not at all) correlated with the milky way is in some instances 
striking. Thus the researches of Kapteyn, Eddington and Dy- 
son upon the proper motions of the stars have shown that in 
the main these bodies belong to two groups in relative motion 
along the line and in the direction above suggested in explana- 
tion of the milky way. Again Pickering has recently announced 
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certain well-marked differences in the distribution of stars of dif- 
ferent spectral types, viz. The fainter stars of the galaxy are 
almost wholly of the first (Sirian) spectral type. The number 
of stars of the first type increases with diminishing brightness 
in a four-fold ratio for each successive magnitude, as theoretically 
it should increase if these stars were uniformly distributed 
through infinite space. Per contra, stars of the second type 
(Solar) increase from magnitude to magnitude only ina ratio 
represented by the number 3.25, thus implying a distribution 
very unlike that of the first type stars. All three of Pickering’s 
propositions together with similar ones earlier formulated by 
Seeliger for the totality of stars, without distinction of spectral 
type, are numerically accounted for by the supposition that the 
stars composing the primitive chaos are mainly of the Sirian 
type while those of the solar group are predominantly of the 
solar type. By direct enumeration Eddington finds that this 
relative predominance of spectral types is shown in the two 
groups into which the stars are divided with reference to their 
systematic proper motions. 

It is easily seen to be a necessary corollary from our explana- 
tion of the milky way that stars in or near the galaxy should 
on the whole appear to move more slowly across the sky than 
do similar stars remote from the milky way and that this 
predicted result is in tact true has been shown by at least two 
astronomers. Another interesting corollary may be derived 
through the supposition that a star belonging to the solar 
group may by virtue of its motion be made to pass so near to 
one of the Sirian stars as to produce disturbances, one upon the 
other, that will long remain marked by some peculiarity of 
spectrum. Ifsuch were the case the stars so marked would be 
found only in or nearthe milky way and they should be especially 
numerous and compactly clustered astern of the solar group, 
they should be more sparsely distributed ahead of it and should be 
almost completely lacking on either side of the procession. 
The so-called Orion stars constitute just such a set of objects, 
marked and distributed as above and presenting the further 
peculiarities that their apparent motion across the sky is ab- 
normally smatl and that their number shows no tendency to 
increase as we pass from the brighter to the fainter magnitudes. 
All of these characteristics are such as would he possessed by 
stars formed as above suggested. 


In a somewhat similar class are the new or temporary stars 
believed to result from collisions of some kind and found only 
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in or near the milky way. Why they are limited to the milky 
way is not apparent, since that is the region, according to the 
present hypothesis, in which large relative motions are to be 
expected. 

We may look upon double stars as produced by the close ap- 
proach ofa solar toa sirian star undercircumstances such that the 
gravitational bond between them becomes too strong to be broken 
and the two bodies abide thenceforth in enforced partnership. 
The size and shape of the orbits in which they shall move about 
their common center of gravity are determined by the circum- 
stances ot their meeting and an elementary analysis suffices to 
show that the circumstances that tend to produce a small orbit 
will equally tend to make that orbit nearly round while those 
which make a large orbit will equally tend to make it more 
pronouncedly oval. A statistical examination of double stars 
shows that they doin fact show this relation among themselves, 
a small major axis being predominantly associated with a small 
eccentricity, an agreement between fact and theory that can 
hardly be accidental. 

The test of a valid theory is its power to co-ordinate appar- 
ently unrelated facts without coming into conflict with any of 
them and, in view of the illustrations of such co-ordination given 
above and ot others for which space does not here suffice, there 
is here presented the concept of a definite group of stars moving 
through a much more widely extended chaos in the best work. 
ing hypothesis at present attainable with reference to the 
stellar system. 





RESULTS OF RECENT RESEARCHES ON THE PHYSICAL 
CONSTITUTION OF THE 
SUN.* 
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In the Astronomische Nachrichten, Nos., 3992, 4053, and 4104, 
4152, the writer has given a somewhat extended development of 
the theory of the physical constitution of the heavenly bodies. 
The theory finally adopted is that, with the exception of the 
encrusted planets and similar dark bodies among the fixed stars, 
the heavenly bodies are made up of gaseous matter reduced to 
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the state of single atoms; and the laws of density, temperature, 
pressure, and rigidity are carefully worked out for this physic- 
al state, which may be regarded as the best available approxi- 
mation to the probable conditions existing in the stellar 
universe. 

As the Sun and stars composing our sidereal system may be 
assumed to conform closely to these laws, it becomes of great 
interest to compare these theoretical deductions with the results 
of observation, especially in the case of our Sun, which is the 
only star sufficiently close to us to permit of accurate investiga- 
tion. At the request of Professor Riccd of Catania we propose 
therefore to summarize the chief conclusions at which we have 
arrived, and to apply the results to the Sun, in the hope of 
throwing some additional light upon the unsolved problems of 
the Physics of-the Stars. 

Itis well-known that while the observation and photography 
ot the Sun have been greatly extended of late years, very little 
progress has been made inthe theory of the Sun, and the ex- 
tension of this subject is therefore of high interest to all con- 
temporary investigators. 

To photograph the outside surface of the Sun, in the hope of 
deducing the underlying laws of the internal movement, is a 
good deal like photographing the wave-swept surtace of the 
sea, far from the land, with a view of finding the laws of the 
tides and other currents of the ocean. For the surface of the 
Sun is in a state of incessant change, and the instantaneous 
appearance of the photosphere does not indicate the nature of 
the movement beneath, any more than the billows of the open 
sea will disclose the laws of the ocean currents. 

It may be assumed that there is some continuity in the phe- 
nomena witnessed on the Sun’s surface, but the order of events 
is difficult to establish, because the changes noted cannot be in- 
terpreted without an approximate understanding of the under- 
lying physical conditions, which heretofore have been very little 
studied, owing to the fact that there has been no adequate 
method for attacking the problem. After we have developed the 
principles of the monatomic theory, we shall recur to the inter- 
pretation of the observed phenomena. 

In A. N. 3992 we have developed the theory of the internal 
density and pressure within the principal bodies of the solar 
system, on the hypothesis that the density conforms to Laplace’s 
celebrated law for the density of the Earth, which naturally is 
somewhat modified in its application to other masses of differ- 
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ent physical constitution. While this gives a better approxima- 
tion to the truth than the simple hypothesis of uniform density, 
and proves to be satisfactory for the encrusted planets; yet the 
result is found to be unsatisfactory for the Sun and major 
planets, which are masses at high temperature, and certainly of 
small density near the surface, and therefore of correspondingly 
greater density in their central parts than is indicated by the 
Laplacean law. 

On several grounds it may be held that the monatomic theory, 
according to which the heavenly bodies are gaseous masses 
reduced by their enormous temperature to the state of single 
atoms, gives the closest known approximation to the true con- 
dition of the Sun and main body of the fixed stars. If any 
departure from this simple theory takes place, it will be chiefly 
in the outer layers, where the physical conditions change rapid- 
ly, and entire continuity under the conflict of antagonistic forces 
can scarcely be expected. In the neighborhood of the photo- 
sphere and chromosphere, the fluid is subjected to 
of movement, while the force of gravity is such 





great velocity 
as to produce 
an abrupt change in the pressure; on the other hand the fall of 
temperature is exceedingly rapid as the upper limits of the photo- 
sphere is approached, and the radiation pressure of the Sun’s 
light is so intense as to largely if not entirely overcome the 
force of gravity. Under the circumstances the discontinuous 
physical conditions existing at the Sun’s surface necessarily 
operate to modify the full validity of ordinary physical laws. 
But while this takes place in the surface layers of the Sun, it 
can hardly be true in any of the deeper portions of that globe, 
where there is no sudden transition, as at the boundary of the 
sphere. 

In masses of monatomic gas, the ratio of the specific heat 
under constant pressure to that under constant volume is k = 
12/3, while for a gas with biatomic molecules like hydrogen, 
oxygen, nitrogen and common air, the value of this ratio is k = 
1.4. In the year 1869]. Homer Lane showed that the laws of 
internal density, temperature and pressure are to be determined 
from the principle of convective equilibrium, or a diabatic circu- 
lation. (American Journal of Science July, 1870). The rela- 
tions connecting the density, temperature, and pressure are 
given by certain equations which we shall now briefly explain. 

Let o denote the density at any point of the Sun’s radius, o, 
the density at the center; 7’ the temperature at any point, and 
T’ the temperature at a point where the density is o’. Let x be 
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the distance from the Sun’s center, x’ the limiting value for x at 
the boundary of the photosphere, which proves to be x’ = 
3,653962; and let » denote the integral 
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where m is the mass included within a sphere of radius x. 


Then 
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which may be solved by successive approximations. 
The law of density thus becomes 
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ed, and the law of density is known; the value of » may then be 
found by one additional integration 
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In these equations x varies between the limits x = 0, corres- 
ponding to the Sun’s center, and x = x’ = 3.653962, which is 
the value at the boundary of the photosphere. 

When the law of density is thus established the internal dis- 
tribution of temperature may be calculated from the formula 


in which o’ and 7’ are the surface density and temperature 
respectively, and «and T the density and temperature at any 
point within the Sun’s globe. 

Now by the above series (6) we know the value of o¢ for every 
point of the Sun’s radius, compared to water as a standard, 
and hence when we fix on values of 7’ and o’ corresponding to 
the photosphere, we have the means of determining the internal 
distribution not only of density but also of temperature. As 
extreme limits we take o’ = 0.1 and 0.01 respectively of atmo- 
spheric air, under normal pressure at sea level; and we fix the 
upper and lower limits of the surface temperature at 6000° C 
and 12000° C. The resulting distributions of density, tempera- 
ture and pressure are indicated in the following table. 

Let the surface gravity of the Sun be denoted by G, and sup- 
pose the value of gravity at the surface of any concentric 
spherical shell of radius x to be G’. Then by the method 
developed in the paper on the Physical Constitution of the 
Heavenly Bodies (cf. A.N. 4053, section vil equation (r) ) it is 
shown that 
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For a gaseous sphere it is easily shown (cf. A. N. 3992, equa- 
tion (2-3) ) that the differential equation for the pressure is 


dp = —cG’dx . (9) 


In our present work the minus sign may be omitted, as it 





simply denotes that the pressure is directed toward the origin 
of co-ordinates at the Sun’s center, where x = 0. 
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Substituting for G’ its value from (8), namely G = 


and integrating, we have 
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The last of these integrals is the series called », given above 
in equation (5). 
Using this value in equation (10) we get 
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where n 6 ug (cf. A. N. 4104, pp, 382-383). 


This equation gives the pressure at any point of the Sun’s 
radius, on the hypothesis that the whole mass is composed of 
gases reduced to the state of single atoms. 

To determine the pressure throughout the Sun’s globe, we 
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shall use this equation, which involves the series — . 


For the pressure on any layer of the Sun’s globe depends upon 
the law of density of the superincumbent matter, the accumulat- 
ed weight of which is sustained by the reaction of the enclosed 
nucleus. 
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Determining the coefficients of this equation, and integrating 
the expression 
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in the form of the product of two series, the evaluation of a 
square of 625 elements, about 400 of which are sensible in the 
eighth place of decimals, when x = x’ = 3,653962, gives for the 
integral the value 
I = 0.0394230 . (15) 
The expression for the pressure at the Sun’s center, when the 
density is supposed to follow the monatomic law of distribution, 
is 


- 3(o)g)? x’ I " 
a%—=n = 11215403000 atmospheres . 


(o;2)10333 (16) 


The pressure at any point of the radius is now easily found 
from the expression 
-— 2/2 \% 
=e | (17) 
the results of which are already given in the above table. 

In regard to the significance of these, it suffices to point out 
that above the critical temperature gaseous matter passes into 
the solid state under the effects of pressure alone, without going 
through the intermediate liquid state ordinarily observed at 
common temperatures. 

Hence even with the enormous temperature of the Sun, the 
whole interior of that immense globe is under such pressure 
that the matter in confinement behaves asa solid. The nucleus 
of the Sun is therefore a globe of enormous effective rigidity. 
At what depth the matter acquires the property of a solid is not 
certainly known, but it is impossible to believe that the layer 
which behaves as a gas can have a depth equal to one tenth of 
the radius; for the pressure at that depth is about 22 million 
atmospheres. Matter sustaining such pressure must be effective- 
ly solid; and if the rigidity is proportional to the pressure, as 
may be inferred from physical laws which are observationally 
verified in the case of the Earth, the Sun’s matter at a depth of 
0.10 of the radius must be about 22 more rigid than nickel steel 
used in Armor plate. 

Accordingly only the outermost layers behave as gaseous 
matter, while the whole nucleus is rendered effectively solid and 
highly rigid by pressure. And as convection currents could not 
be inaintained in a mass reduced to the state of a rigid solid, it 
follows that convection currents can exist only in the outer- 
most layers of the Sun’s globe. 
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Heretufore it has been very 
generally assumed by astron- 
poe % SEaae omers that convection cur- 

ae || rents extend down to the 
center, and thus produce a 
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steady transfer of heat from 
the interior outward, so as 
to maintain the enormous 
surface luminosity of the Sun’s 
disk. 
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Sinaia 3 7 | convective circulation of the 
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f r- In response to a request of 
| | | [| Dr. Vogel, made recently in 
an revising Engelmann’s transla- 
tion of Newcomb’s Popular 
Astronomy, Young has ex- 
pressed his views very clearly. 
As given authoritatively in 
PopuLaR AsTRONOMY, April 
1904, they are as follows: 
“From the under surface of 
this cloud shell (the photo- 
| Sh sphere), if it really exists, 
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pressure upon the nucleus much like that of the liquid skin of a 
bubble upon the enclosed air. With this difference, however, 
that the photospheric cloud shell is not a continuous sheet, but 
porous, so to speak, and permeated by vents through which the 
ascending vapors and gases can force their way into the region 
above’’. 

In the Article “‘Sun’”’, Encyclopedia Americana, Newcomb says: 
“It follows that the heat radiated from the surface must be 
continually supplied by the rising up of hot material from the 
interior, which again falls back as it cools off. It is difficult to 
suppose that even a liquid could rise and fall rapidly enough to 
keep up the supply of heat constantly radiated. We theretore 
conclude that the photosphere is really a mass of gas in which, 
however, solid particles of very refractory substances may be 
suspended.’’ He says it is probable that the ‘“‘rice grains’’ are 
produced by currents of heated matter from the interior, which 
are constantly rising to the surface, there to radiate their heat 
and then fall back again.”’ 

In a paper on the ‘Evolution of Solar Stars’’ read before the 
Royal Philosophical Society of Glasgow, Nov. 6, 1901, and 
published in the proceedings ot that learned Society, Professor 
A. Schuster says: 

“It may not be unnecessary to say a few words as to the 
evidence we possess that the convection currents which play so 
important a part in the theoretical investigation actually exist 
in the Sun. The surface radiates an amount of heat into space 
of which we can form a very fair estimate by measuring the 
quantity which reaches the Earth. The number so obtained is 
1,340 million per sqyuare meter of the solar surface, the unit of 
heat being the amount necessary to raise one gram of water 
through one degree. We obtain an idea of what that number 
means if we imagine the Sun to be surrounded by a shell of ice, 
the heat supplied by radiation could melt in each minute a layer 
ot ice 58 feet thick. Or expressing it with Lord Kelvin in terms 
of power, we may say that the solar surface does work by 
radiation equivalent to 131,000 horse-power for each square 
meter of his surface. The heat thus lost by radiation must be 
supplied from the inside of the Sun, otherwise the solar surface 
would cool down in a fraction of a second to a te mperature at 
which it would cease to be luminous. If the heat 1s carried 
from the inside to the outside by convection alone, the velocity 
of the currents of vapor must be very great. Taking the pres- 
sure of the vapor near the surface to be one atmosphere, we m ay 
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say that all the heat contained in a layer having a thickness of 
370 meters is lost by radiation in each second of time, and this 
number does not depend on the nature of the vapor or on its 
temperature. A layer of that thickness would have to be re- 
placed by convection in every second if the temperature of the 
surtace is to be maintained. From this I calculate that if the 
difference in pressure between the descending and ascending 
currents is one atmosphere, the velocity of the convection cur- 
rents must be 616 meters per second, or about 1,000 miles per 
hour. These up and down draughts of vapor must take place 
with the calculated velocity, unless an appreciable portion of 
the heat is supplied from the inside in some other way, as for 
instance by radiation. It is difficult to form an estimate as to 
how far radiation can help to keep up the temperature of the 
surface. I have made some calculations on this point which, 
though they have vielded interesting results, cannot at present 
be expressed in definite numbers. It is sufficient for the present 
argument to maintain, that even if radiation takes a prominent 
part in the determination of distribution of temperature, we 
‘annot escape the conclusion that convective currents must 
bring about a continuous interchange of matter between the 
inside and outside of the Sun. This theoretical conclusion is 
amply confirmed by observation.” 

Again Schuster adds: ‘If convection currents could be com- 
pletely stopped, the heavier gases would sink to lower ‘evels, 
and the outer layer of a star would be made up of hydrogen 
and the lighter metallic vapors. It is owing to convection that 
a mixing takes place, and the stronger the convection the more 
complete the mixing.” 

In the writer’s paper in A. N. 4053 and A. N. 4104 it is point- 
ed out that owing to the great internal pressure and rigidity 
of the Sun’s nucleus, convection currents at appreciable depths 
in the Sun’s globe cannot possibly exist; and the heat and light 
from the Sun’s interior must be supplied by direct radiation, as 
in the passage of the sunlight through the Earth’s atmosphere, 
or by some process of exchange, without bodily movement of 
streams of solar matter. 

“No aim is made in this paper to treat mathematically of the 
problem of the Sun’s surface radiation, but we may remark that 


the commonly accepted theory of enormous convective currents, 
one set ascending with highly heated matter and the other 
descending with the material cooled by radiation, does not seem 
to be well founded. When the true character of the Sun’s radia- 
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tion is made out, it will be found that the heat and light are 
supplied in the main not by convective currents, which would 
necessarily encounter great resistance and constantly antago- 
nize one another by the contrary motions of the neighboring 
streams of fluid, but by direct radiation—the internal heat being 
so intense and the overlying medium of gases so thin and trans- 
parent to radiation of that intensity that the heat is driven 
bodily through the Sun’s mass witha velocity smaller but not 
immeasurably smaller than that of light and electricity. In this 
way the outside surface never cools, nor are great convective 
currents required to maintain the surface luminosity.”’ 

‘‘We may conceive that with the enormously rapid rise of 
temperature below the photosphere, amounting to from 
100000° to 500000 C at a depth of 1/100th of the radius or 
7000 km. most of the necessary supply of heat is radiated 
through the flimsy overlying layers of gas, with a velocity but 


little inferior to that of light. Nor can we conceive of any 


material of this small density which could resist the terrific 
heat beneath sufficiently to cause a great fall in the external 
temperature, even if there were no convective currents whatever. 
Currents developing at the Sun’s surface probably are compa- 


ratively shallow and irregular in their character, while the 
supply of heat from beneath is radiated through the intervening 
medium with great velocity, thus maintaining the surface ina 
state of dazzling brilliancy.”’ 

“The rapid propagation of heat is not difficult to understand 
when we remember that by its nature heat is the energy of 
vibrating molecules of perfect elasticity moving with enormous 
velocities, in a rare medium, admitting by its abundance vac- 
ancies of a vast direct radiation from beneath with the actual 
velocity of light. The propagation of light in the Earth’s at- 
mosphere on a clear day is perhaps nearly analogous to that in 
the Sun’s outer layers just below the photosphere.”’ 

“The illumination of the Earth’s surface, which enables one to 
view objects hundreds of kilometers away with but a very 
slight absorption of their light due to the intervening atmo- 
sphere, illustrates the penetrating power of sunlight here upon 
the Earth, where the intensity is as nothing compared to that 
in the Sun. Yet the outer layers of the Sun’s photosphere are 
ot the same order of density as our atmosphere; and while the 
-arbon and perhaps other particles in the photosphere form a 
cloud which obstructs the light, no doubt the interior gases are 
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very transparent. The radiating particles in the photosphere 
thus derive their heat and light from two sources : 

a) Collisions with neighboring particles : 

b) Direct radiation from the intensely heated body of the 
Sun beneath, filling the solid angle of a whole hemisphere.” 

‘The latter source furnishes incomparably the larger part of 
the radiant energy emitted by the photosphere, and as it is 
transmitted from the interior with sensibly the velocity of light, 
there is no opportunity for the cloud-surface to cool, and little 
or no necessity for convective currents.’’ (A. N. 4053). 

Since the publication of the above views no criticism of this 
departure from the old theories has appeared, and the validity 
of the step rejecting the doctrine of convection currents seems to 
be generally recognized. In A. N.4131 Schuster indeed has 
published a criticism of my deduction of the rigidity of the Sun, 
but it is noticeable that he is careful to offer no defense of the 
theory of convection currents, about which he was formerly so 
eloquent. We may therefore confidently hold that convection 
currents cannot exist except in the shallow outer layers of the 
Sun’s globe, and it is doubtful if they are of much importance 
even there. 

“Great pressure always produces great effective rigidity of the 
matter, and any motion of matter under such strain would be 
accompanied by the most enormous molecular friction. It fol- 
lows theretore that in general when the pressure is very great, 
enormous resistance would be exerted against currents already 
existing, and would tend to bring them rapidly to rest; so that 
the continuation of the motion would presuppose the constant 
exertion of correspondingly great forces to overcome the friction 
due to the pressure. As the pressure increases rapidly with the 
depth in all large masses of moderate density, it seems almost 
inconceivable that rapidly moving currents could descend to any 
appreciable depth, and hence all currents observed externally 
might be expected to be shallow, and to die out rapidly as they 
descend into the mass.” 

‘*These considerations strongly support the views set forth 
in A. N. 4053, that the Sun’s supply of light and heat is main- 
tained by direct radiation from beneath rather than by a system 
of convection currents descending to great depths against the 
trictional resistance of the surrounding matter. Not only is the 
resistance to such supposed motion very great, but it is shown 
that the gases in the outer parts of the Sun’s globe are sufficient- 
ly rare to admit of a very powerful direct radiation without 
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bodily motion of the flaming fluid, which is also rendered per- 
fectly transparent by the enormously high temperatures. 
Moreover it is difficult to conceive of a regular system of double 
tubes in the continuous body of the Sun, with the hot fluid 
ascending in one set and the materials cooled by radiation 
descending in the other. Indeed it seems almost impossible to 
imagine such a system of currents at work against the resist- 
ance inevitably arising from the contrary motion of such neigh- 
boring streams. Neither can one see how such a mutually 
obstructing and antagonistic series of currents could be main- 
tained if once established. Obviously they would all very soon 
die out, and in view of the proved effective rigidity of the mat- 
ter, it is impossible to see how they could ever be re-established 
by any natural process’’. 

‘When one reflects that direct radiation does away with this 
highly complex hypothetical system of movement, while at the 
same time it affords an adequate supply of energy from below, 
the conclusion seems irresistible that the general conception of 
convection currents sinking to great depths in large masses of 
high average rigidity is a mistaken one; and that the simpler 


process of direct radiation is the general law of nature. Convec- 


tion currents might, indeed, exist to some extent in the very 


shallowest of the photospheric layers of the Sun and the stars, 
and also in nebulae of small average rigidity; but surely not in 
the interior of well developed stars having an average effective 
rigidity thousands of times greater than that of Armor plate. 
“The rapid outflow of energy in the case of a typical star 
would seem to be mainly from the surface layers, though a 
smaller amount of energy comes up more slowly from greater 
depths; and no doubt some process of radiation permits the 
vibrations to be transmitted or exchanged through the inter- 
vening medium without bodily motion of matter effectively 
thousands of times more rigid than nickel] steel, though at a 
temperature of many millions of degrees.”’ (Cf. A. N. 4104). 
Researches for the interpretation of phenomena noticed at the 
Sun’s surface, to be of any effect, should be guided by the 
general principles here laid down. Before we can make progress 
in the treatment of this problem we must base our reduction 
and discussion of the observed phenomena upon the monatomic 
theory, or some thing better, and proceed by successive approx- 
imations to form a tenable theory of the radiation and fluid 
movements of the Sun’s surface, which will explain observed 
phenomena in accordance with admissible underlying conditions. 
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The first need of solar physics to-day is therefore the theoret- 
ical study of the radiation of a globe such as we have shown 
the Sun to be. An effort might be made to trace the observed 
movements to their appropriate depths. This would give us 
the true theory of spots, periods, solar drift and kindred 
phenomena observed on the Sun’s disk, and afford the observer 
a clue to the periodicity and distribution of the eruptions notic- 
ed in the photosphere. 

Naval Observatory, 

Mare Island, California, 
May 12, 1908. 





AN ASTRONOMICAL THEORY OF THE MOLECULE 


AND AN ELECTRONIC THEORY OF MATTER. 
Solar and Terrestrial Physics Viewed in the Light Thereof. 


SEVERINUS J. CORRIGAN. 


For PoruLAR ASTRONOMY. 


Part IV. (Continued.) 


THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, DEN- 


SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED THEREIN BY THE 
SOLAR ELECTRO-MAGNETIC 
RADIATIONS. 


A critical examination in the case of hundreds of tornadoes 
that have been observed at divers times, in different places, has 
disclosed the fact that the general path, in every case, is to- 
ward some easterly point, and in very nearly 400 observed and 
noted, the direction of the path was toward the northeast in 
about eighty per cent of that number; ten per cent toward the 
southeast, three per cent toward the east, four per cent toward 
E.N.E., one anda half per cent toward N.N. E., one per cent 
toward E. S. E., and one-half per cent toward S. S. E., the course 
being, thus, always toward some easterly point, in the great 
majority of cases toward the northeast. Therefore, when 
general meteorological conditions are such that a tornado may 
be expected to pass through, or near, any given place, an ob- 
server need look for its approach only from a general westerly 
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direction,—particularly from points between the southwest and 
northwest,—the former being by far the more probable point of 
approach, as indicated in the preceding paragraph. No fear 
need be felt concerning a tornado-cloud seen eastwardly of the 
meridian, for such has either passed over the place of observa- 
tion or, if in process of development, will pass away to the east- 
ward of the observer, and any one who would observe the 
approach of a tornado from a considerable distance, should scan 
the southwestern quadrant of the HSrizon—occasionally glanc- 
ing at the northwestern quarter—during those seasons of the 
year, when they are prevalent, and at the hours of the day 
between which there is the greatest probability of their ap- 
pearance. Out of every hundred tornadoes observed in the 
United States (where, in certain regions in which there are, at 
times, great masses of warm, moist air brought into sudden, 
and intimate contact with equal masses of cold, dry air through 
the agency of the radiations from the Sun, with the result of 
electro-magnetic developments in the terrestrial atmosphere, in 
a manner to be described, and where these phenomena have 
been quite fully investigated) the number occurring during cer- 
tain intervals in the twenty-tour hours of the day, is set forth 
in the following. 
TABLE D 





Noon 2 P.M. 6 P. M. 8 P.M. 10 P. M. 10 A. M 


Hours to to to to to to 
2 P. M. 6 P. M. Sp.m. |10 P.M. |10a. M. Noon 








Tornadoes 8 60 10 4 12 6 





The quantities set forth in this table represent the percentages 
of distribution during a day and this diurnal period of torna- 
does is analogous to those for temperature, wind-velocity and 
thunder storms, being also quite similar to that for hailstorm 
frequency, in which the time-interval is about two hours earlier 
in each case. 

The agency of the Sun, by means of its radiant energy, in the 
causation of all these correlated phenomena, is indicated by an 
inspection of the quantities in Table D, and also by the seasons 
in which tornadoes are most frequent in the United States, with 
respect to latitude, the periods being most marked from the 
vernal equinox, in March, to the autumnal in September, al- 
though they have occurred, occasionally, a month, or more, 
betore and after these respective epochs beginning in the lati- 














358 Theories of Molecules and of Matter 








tudes of the Gulf States in the spring and in the northern states 
in the early summer and then retracing the order, thus with 
respect to latitude, following almost pari passu the motion of 
the Sun in declination. 

The wind-pressures, in pounds per square foot, for velocities 
at distances up to 600 feet, are beyond those at which all or- 
dinary structures, such as frame buildings, presenting a consider- 
able surface to the wind, and directly exposed to the full force 
and action thereof, can remain intact, and although walls of 
heavy masonry may withstand the shock, roofs, and like con- 
structions cannot do so, and we may regard the path of great- 
est destruction as averaging about 1200 feet in diameter, 
while beyond the distance of one mile from the axis of the 
tornado, and up to three miles, the velocities are those of a 
tropical hurricane; this is also a matter of observation. The 
mean motion of the air directly within the flue of a tornado is 
quite directly upward, the velocity of the ascending current as 
determined by means of equation (1) for a vacuum of fifteen 
inches is, roundly, 1100 feet per second, so that much of the 
debris, or portions of structures that have been demolished by 
the general whirl immediately surrounding the flue, and drawn 
into the latter, is generally carried upward therein and has 
been found transported to distances of twenty miles, or so, 
even when the object thus carried was as large and heavy asa 
church-spire with its appurtenances. 

It is quite probable that the length of the path of any one 
tornado does not exceed this distance, although published news- 
paper accounts, in many cases, read as if the length were much 
greater, but, in most such cases, it is almost a certainty that 
there are several distinct tornadoes in action at, or about, the 
same time and in the same section of country, all having hada 
common origin and traveling in quite close proximity to each 
other through contiguous regions, as in the case of dust-storms 
and waterspouts. The tornado that passed over, or through, 
this city on August 20, 1904 moving N. N. E., was contemporary 
with a quite similar one that swept across the neighboring 
city of Minneapolis, Minn., about ten miles distant from St. 
Paul, both of these tornadoes having had their inception in the 
saine general cyclonic disturbance to the southwest of these 
cities, and the dimensions etc., of the paths of well-marked 
destruction were about the same as in the theoretical cases 
discussed on preceding pages. It may seem quite impossible 
for any structure, except the most ponderous, to withstand the 
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tremendous force of the wind-pressure in a tornado, either in the 
-ase of the air rotating around the vertical axis thereof, or as- 
cending through the flue, or central part, of the funnel, but it 
should be noted that unless the exposed surface be very extend- 
ed whether in the whirl, or in the ascending currents, the on- 
pressing air will flow off laterally and lose much of its theoretical 
force. Of course, if the base of the funnel were smooth and 
uniform throughout and the ascending matter packed air-tight 
therein, this matter would move upward with the velocity ofa 
projectile from a gun. 

Moreover, in many cases, the principal parts of any tornado 
that proceeds in its course by leaps, or bounds, in the manner 
that I have described on a preceding page, work great material 
destruction only in spots along the onward path. A most re- 
markable and instructive phenomenon, not infrequently, observed 
in connection with a first-class tornado, is the forcible driving 
of extremely light bodies such as small fragments of wood, and 
even of straws, into the surfaces of wooden houses, standing 
trees and like objects into which they have been forced to 
penetrate to considerable depth, although remaining unbroken. 
To the majority of observers this phenomenon is astounding, 
and apparently inexplicable, but any one acquainted with cer- 
tain principles of analytical mechanics will readily see that this 
strange manifestation of force is due, simply, to the phenome- 
nally enormous velocities with which these light masses, or 
bodies, are impelled by the wings of the wind. It obviously 
requires, in each case, a definite quantity of kinetic energy, in 
these masses, to cause their penetration into other bodies, the 
quantity of this energy being, as is quite well-known, directly 
proportional to the mass (M) and the square of the velocity 
(V), the kinetic energy (E£) being expressed by the equations :— 
MV? WY 

2 2g 3 
so that any decrease in mass (1), or weight (IV), will be more 
than compensated by increase of velocity (V), in the same ratio 
that the weight is diminished, the increase of kinetic energy 
being double for twice the velocity although the weight in 
motion is cut to one-half its original value. In the equations 
set forth just above, the quantity designated by g is the accel- 
eration due to the force of terrestrial gravity, its normal value 


E 


being, very nearly, 32.2 feet per second, and the mathematical 
relation between the kinetic energy (FE) of any projectile of 
weight (IV), moving with a velocity (1), in feet per second, and 
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the penetration (t) into a sustance of any kind—such as armor- 
plate—is expressed by the following equations :— 

E — wv? = k? t? : 

C=2¢cC— ; (a) 
in which C represents the circumference of the projectile, in 
inches, and t the number of inches perforated, the weight (W) 
being expressed in tons, and the energy (£) consequently in 
“foot-tons’’. From equations (a) we have, for the determina- 
tion of the velocity (V) when the weight ( W), circumference (C), 
and the penetration (t), of a projectile are known, and of said 
penetration when the other quantities are evaluated, the fol- 
lowing equations :— 

y—V2gC kt _ 8.02 C% kt (b) 
w” w"? 


_ Wav 
~ §.02C%k* (c) 


The value of k as determined experimentally, is, for wrought- 
iron plates, 0.819, and for pine-wood, 0.158, it being, accord- 
ing to my determination, proportional to the tensile strengths 
of these materials (which are 62,000 and 12,000 pounds per 


square inch respectively,) the case being somewhat analogous to 
that of the breaking-stress in a beam, of unit length and breadth, 
in which the strength is proportional to the square of the depth, 
or thickness, (t), and, in proof of the accuracy and sufficiency 
of my equation, in this connection, I adduce the following prac- 
tical applications derived from the experiments of Gunnery. 

It is clearly indicated in the last equation that, for any given 
velocity, the power of penetration of a projectile of any kind is 
inversely proportional to the square root of the circumference of 
the latter, a fact that is taken advantage ot in Gunnery by re- 
ducing the diameter, and making up the required weight by 
increasing the length, of the projectile which, therefore is given 
the well-known conical shape. On the same principle, even a 
light straw, by reason of its form and the enormous velocity 
with which it is impelled by the wind in a tornado, is occasion- 
ally found sticking firmly in surfaces of harder material, to the 
astonishment of observers of this phenomenon. Verily, in this 
case, ‘straws show how the wind blows” and particularly its 
enormous velocity. 

A projectile having a weight (W) of 0.852 of a ton, a circum- 
ference (C) of 50% inches, fired from an eighty-ton gun, witha 
muzzle velocity of a little more than 1625 feet per second, after 
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passing over a range of 3000 feet, made impact with armor- 
plate for which the coefficient (k) was 0.819, the velocity (V) 
of impact being 1526 feet per second. Therefore, all the quant- 
ities necessary for the determination of the thickness (t) of 
armor-plate just perforated by the projectile, are known, and 
employing them in equation (c), as indicated, I have found the 
ralue of (t) to be 30.24 inches, while the thickness actually per- 
forated was 30.2 inches; so that my equations (b) and (c) which 
have been rigorously derived, while most of those that have 
been used are only empirical, may be regarded as true and 
accurate. 

But my particular purpose, in going into this matter at such 
length, is to determine the velocity of the wind in a tornado by 
means of the depth to which even light fragments of matter 
carried by the air-currents rotating with otherwise immeasur- 
able velocity around the axis of the funnel, have been forced to 
penetrate material surfaces stationary in the path of the storm, 
because the motion and energy of such fragments are analog- 
ous to those in the case of the projectile aforesaid. Some time 
ago, I examined a thin tragment, or pencil, of wood, two inches 
long, with a circumference (C) of 0.7-inch, and a weight (IW) of 
only seven grains avoirdupois, or the two-millionth part ot a 
ton, which had been forced by the tornado on August 20, 1904, 
(the passage whereof through this city, I have described, in de- 
tail, on preceding pages,) through the clap-boarding and into 
the inner boards of a house about 250 feet from the center, or 
axis, of the tornado, the total thickness (t) penetrated having 
been about 0.7-inch. Using these values and that of k (which is 
0.158 for pine-wood as aforesaid) as indicated in equation ()), 
the velocity (V) with which this small, light fragment of wood 
was projected by the tornado-wind, I have found was 1050 feet 
per second, or 716 miles per hour, while the velocity interpolat- 
ed from the theoretical values in my Table C on a preceding 
page, for the distance of 250 feet from the axis of the whirl, is 
practically thesame—a fact that proves the concordance between 
the deductions from my theory, and the facts of observation. 
Of course, a wind blowing with that velocity could not act 
against any ordinary structure for more than a comparatively 
few seconds without leveling it, or inflicting more damage than 
that observed; but these central portions of a tornado, where 


the wind-velocities are enormous, pass onward at an average 
rate of thirty miles per hour, and not infrequently at double 
this rate, or, roundly, at as much as 100 teet per second, so 
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that a central portion, of about 600 feet in diameter, in which 
the velocity of the wind is 600 miles per hour, or more, would 
pass by a given point ot the path in only six seconds, the time 
near the extremity of the radius of 300 feet being, much less, or 
not more than one or two seconds, and the action would be so 
evanescent that it would seem like a sudden stroke from some 
mighty, unseen weapon, particularly if occurring in the dark- 
ness of the night as it did in this case. I questioned many 
persons who either resided, or happened to be, within 600 feet, 
or there about, from the central line, as to their impressions of 
the occurrence, and none seemed to recognize the nature of the 
phenomenon, 





all asking me what it was, and saying that 
everything was over in less than a minute and all appeared to be 
dazed by the phenomenon. My personal impression of the first 
blow that struck the large dwelling in which I resided at that 
time, was that it was an earthquake-shock rather than the 
effect of a tornado, or a hurricane. All the observed facts in 
connection with this, and other, tornadoes corroborate my 
theoretical conclusions concerning the nature and mode of 
operation of these phenomena, and lead to a consideration of 
that much larger atmospheric vortex (in the southeast quadrant 
of which they are generally formed), which is primarily due to 
the Sun’s radiant energy, and is, properly, and scientifically, 
called a *‘cyclone’’, or a “low’’, in the language of meteorology. 

The destruction wrought by a tornado is not caused by the 
excessively high wind only, for, in some cases, when the center 
of this aerial vortex passes directly, and quickly, over a closed 
building, the atmospheric pressure on the outside and in, or near, 
the flue of the funnel, is reduced so greatly, and suddenly, be- 
low the nearly norma! pressure of the air within the building, 
that windows, roof and sometimes the walls are thrown on- 
ward with great violence, this action being due to the almost 
explosive expansion of the air confined within the structure the 
complete shattering whereof indicates, clearly, the enormous 
and sudden reduction of the atmospheric pressure outside, as 
the center of the tornado passes over the building, the air 
within which is thus at a relatively high pressure, and being 
unable to escape gradually, the result must be akin to an 
explosion. 

The circular section of what I have termed the ‘“‘flue’’ of the 
funnel of a tornado, up through which the rarefied and electri- 
fied air ascends at the rate of, roundly, 1100 feet per second 
(according to my determination set torth on a preceding page), 
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by reason of the excess of the external atmospheric pressure 
over that within the flue in which the pressure is about 714 
pounds per square inch, or only one-half the normal pressure of 
of the atmosphere, has a radius of twenty-five feet and, therefore, 
a circumference of 157 feet, but these are only mean values, and 
this central portion, or flue, instead of being cyclindrical may be 
—and probably is—more, or less, conical, or even of some ir- 
regular form, but this fact does not materially affect the con- 
ditions of the problem in this connection. 

As I have demonstrated, and set fourth in Tables A and C, in 
the preceding number of POPULAR ASTRONOMY, just at the outer 
end of the radius of the flue, or twenty-five feet from the center 
of the tornado, the air is revolving around the more, or less, 
vertical axis of the latter, with the maximum, horizontal veloc- 
ity of 3400 feet per second, and since the circumference of a 
circle having this radius is 157 feet, the number of revolutions 

, 3400 ae 
per second, is obviously 157 21.7, and this is to be taken as 
the unit number of revolutions at unit-radius of twenty-five feet 
trom the center of the tornado, from which the number (n) at 
any other radius (p), or distance from that center is determin- 
able through the equation :-- 


For any radius (p) the circumference, obviously, increases direct- 

ly, with this radius, while, as I have demonstrated, the wind- 

velocity decreases as the square root of the radius, the combined 

effect being, therefore, inversely proprtional to p?”°, as indicated 

by the denominator in the right-hand member of this equation 

for the number ot revolutions per second, the reciprocal where- 
fh 


of \ ) expresses the unit-time of one revolution, which is, there- 
n/ 


9) wf 


, : : mit 
fore, in this case, only i of a second. 


It may be more convenient, and preferable, to use the diameter 
(8) of the tornado, instead of the semi-diameter, or radius (p), 
thereof, in which case there results the equation :— 


21.7 7672 


n= 


and for the time (t) of a single revolution, 
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~ F672 


Although, as I have pointed out, the influence of a tornado, in 
causing high wind, may extend, in some degree, for twenty miles, 
even more, on each side of the comparatively narrow central 
path, the consequent, or induced, wind-velocities beyond a dis- 
tance of one mile, at which the velocity is 160 miles per hour, 
and up to four miles, at which it is eighty miles per hour, as 
indicated in Table C, are those of a tropical hurricane induced 
by a true cyclone, or extensive area of low barometric pressure, 
the velocity decreasing gradually to thirty-five miles per hour,— 
which is that of a moderately high wind—at the distance of 
twenty miles from the center of the tornado, and to lower 
velocities indefinitely beyond, but, as stated, the maximum 
radius of the tornado proper may be regarded as one mile, and 
the diameter, therefore, as two miles, or, roundly, 11000 teet 
where the limiting velocity in the outer rim of the vortex is 160 
miles per hour. This maximum diameter is almost exactly that 
derived from observations of* several hundred tornadoes, so 
that if we take 11000 as the value of 6 for use in the equations 
last set forth, the number of revolutions at this outer limit of 
the tornado, is found to be only U.0066, and the period of a 
_complete revolution, 150 seconds, or 212 minutes, and the time 
of transit of any point in the outer whirl, from the left-hand edge 
of the funnel to the right-hand one, or of a semi-revolution, is 


therefore, 114 minutes as against only the art of asecond, 
’ ton) », 


| 
21.7 
and 21.7 revolutions per second, at the minimum distance, or 
radius (p), of twenty-five feet from the center of the tornado, at 
which distance the wind-velocity is at the maximum of 2320 
miles per hour. The average diameter of a very large number 
of tornadoes observed has been found to be, roundly, 1100 teet 
and this used in the above equations, as the value of (8) gives, 
as the number (n) of revolutions per second, 0.2 and as the 
time of a complete turn, five seconds; in the same manner, the 
values for any other point can be found. 

As above demonstrated, in the case of the maximum diameter 
(11000), the time of one-half a revolution is 144 minutes, and if 
a portion of the tornado-cloud remain well-defined, or if a de- 
finite object therein be discernible moving around with the 
velocity of the air current, during a semi-revolution, it would 
be found to pass, or transit, from the left-hand side, or edge, of 
the funnel, to the right-hand edge thereof, in 114 minutes, if my 
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theoretical determinations in this connection be correct. It, 
therefore, becomes possible to determine the wind-velocity in the 
outer, visible, portion of the funnel of any tornado, in a very 
simple, but perfectly rigorous and accurate, manner, all that is 
necessary for an observer to determine being the linear diameter 
of the funnel, by means of its angular diameter and distance 
from the observer, and the time required for the transit of a de- 
finite object, or a portion of the tornado-cloud itself, from the 
left-hand edge of the funnel, to the right-hand edge thereof. 
This would be an easy matter for any intelligent observer (poss- 
essing a knowledge of only the elementary principles of plane 
trigonometry) either with, or without, instruments for the 
measurement of angles, and located at a safe and convenient 
distance on either side of the path of the tornado, preferably 
in a level region such as a western plain, or prairie, where they 
happen to be most be frequent, and from the external velocity 
so found, the internal velocity at any distance from the center 
of the funnel can be deduced by means of the mathematical 
relations that I have demonstrated on preceding pages; by this 
means my theory, in this connection, can be put to the test of 
observation, and I hope that this will be done by some observer 
in the near future, when opportunity presents. This proposition 
is not, at all, a chimerical one as many persons can quite ac- 
curately estimate, off-hand, angular distances and time-intervals, 
while the distance of the center of the funnel of the tornado 
from the point of observation, can be ascertained atterward 
from the location of the central line of the path which is, in most 
cases, well-defined, the whole process involving only a knowl- 
edge of plane trigonometry. 

Saint Paul, Minnesota. 

To be continued. 





A SIMPLE METHOD DEVISED BY F. C. PENROSE FOR 
FINDING THE ORBIT OF A HEAVENLY 
BODY BY A GRAPHICAL 
PROCESS. V 


ERIC DOOLITTLE 


For POPULAR ASTRONOMY. 

18.—We will now subject the graphical method to the most 
severe test possible by applying it to the orbit of a comet which 
has been observed but three times since its discovery. The first 
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telegram announcing the appearance of a new comet always 
states its position among the stars and the direction in which 
it is seen to be moving. From this the body is frequently 
found and measured on the following night, but it is not until 
three nights’ measures have been secured that its path can be 
determined. 

It is rather unusual for all three measures to be secured on 
successive nights, that is, within forty-eight hours of its dis- 
covery, and when this is the case, the are passed over by the 
body is so short that the elements of its path are necessarily un- 
certain. All that is expected of this first determination is that 
it shall give some indication of the size and position of the 
true orbit, and shall also enable us to predict the place of the 
body in the sky for an interval of two or three weeks with 
enough accuracy so that it may be found without difficulty. 


DETERMINATION OF THE ORBIT OF COMET 1907 e, (MELLISH). 


To illustrate the graphical determination of a preliminary 
orbit and to show how the so-called Search Ephemeris is 
determined, we select from the Fulletin of the Lick Observatory, 
No. 121, the three following observations, which were the first 
three measures made on the above comet after its discovery. 

1907 G. M. T. \pp. a App. 6 

Oct. 15.6784 3. 45’ 16” 
16.9782 22 25. 8 12 6 
17.9892 9 13. —7T 44 15 

Changing the times to Berlin mean time, and taking the posi- 
tions of the Earth from the Berliner Jahrbuch for 1907, page 17, 
as in previous cases, we obtain, 

Bo. FT. } log R R 
Oct. 15.7156 21° 32 5&6” 9.99859 0.9968 

17.0154 22 56 27 9.99842 0.9964 
18.0264 23 56 40 5.99830 0.9961 

The corrections which must be subtracted from the above 
right ascensions and declinations in order to obtain the values 
which these quantities would have had if the measures could 
have made from the positions which the equator and vernal 
equinox occupied at the beginning of the year were not printed 
with the observations; if it is thought necessary to apply these, 
they must be computed by the formulas given in the Berliner 


2Q 


Jahrbuch, page 312. This was done in this case, the resulting 


right ascensions and declinations were changed into degrees, 


minutes, and seconds, and finally, employing the value 23° 27’ 5” 











Figure 14 
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tor the obliquity of the ecliptic from page 1, the corresponding 
latitudes and longitudes were determined as has already been 
fully described. The results are as follows: 

No. 

1 1: 
2 1; 
2 1: 


Selecting a point S to represent the Sun and drawing the 
line SV to indicate the direction of the vernal equinox, we lay 
off the positions of the Earth and draw the corresponding long- 
itude lines by employing the tangents or cotangents of the 
several longitudes as described in (14). We find, 


No. tan 2, cot X ‘ot B 


C 
0.3970 0.8809 1.9538 
0.4232 0.8454 1.9781 


0.4440 0.8162 1.9994 
‘We next graduate the longitude lines by laying off F, 10 
19.54, FE, 20 39.08, etc., £210 19.78, E220 34.56, etc., 
E; 10 19.99, & 20 = 39.98, etc., and we are ther ready to 
search for the true position of the projected are. ave, 
t 1.2998 
1.0110, 
and hence, 


a Avot 9 t a ial 1.2857 


As the elapsed time is only two days, the projected are must be 
sensibly a straight line, or at most have only a very slight 
curvature, concave toward the Sun, for the are of any parabola 
whose focus is at S included between the first and last sight 
lines will necessarily appear to be nearly a straight line, and 
its projection will also have almost no appreciable curvature. 
As a first trial we draw rs through the latitude number 830 for 
the first part of the arc; then joining scS, drawing rxy perpendic- 
ular to sc, making xy = rx + 1.286, and finally drawing vo 
parallel to sc, we obtain the second extremity of our projected 
arc at o. But since rso is convex toward S, 
projection. 


this cannot be the 


If we incline rs still further toward the left so that it occupies 
the position r’s, and draw similarly r’x’y’ 


perpendicular to sc, 
making x’v = rx’ + 1.286, the last extremity, located at 0’ 


by 
drawing y’o’ parallel to sc, will be found to render the 


are 
more strongly convex toward the Sun than before. We there- 
fore conclude that if the projected arc lies in this neighborhood 
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it must be inclined in the other direction, that is, in a direction 
from y to s instead of from rto s. 

A further test of any arc, tor example r’so’, may be made by 
employing the latitude numbers. Since the are of the true orbit 
in space, ro, Figure 15, is sensibly a straight line, we have 
oH 


Os 


é ‘ sk ? 
sin Krs = rs — Sin ani = 


Hence, 
sK oH sK rs 


— ’ oF - = . 
rs os oH os 


But sK = ss—rr’ = (latitude number of s) — (latitude number 
of r’); oH = (latitude number of o’) — (latitude number of s), 
and rs + os is equal to the ratio of the corresponding areas and 








FiGurRE 15. 


hence = 1.286. Representing the difference of the first two 
latitude numbers by /; and that of the second two by hy, we 
must therefore have, 


by be = 1.286. 


We find by measurement, latitude number of r’ = 27.24, of 
s = 30.00, and of o’ = 31.87; hence bi; = 30.00 — 27.24=2.76. 
bz. = 31.87 — 30.00 = 1.87, and hi + be = 1.48, which does not 
satisfy the above equation. To find where the condition aris- 
ing from the latitude numbers will locate o’ after r and s have 
been chosen, we compute /: from the equation hb, = 2.76+-1.286 


= 2.14, and hence 0’ must be at the point whose latitude num- 
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ber is 32.14. This locates the third point at 0’”, a position 
which does not satisfy the law of areas. 

If we move the projected orbit toward the right, still keeping 
the arc inclined in the direction sr or sr’, we find that the orbit, 
becomes more convex toward the Sun and that the disagree- 
ment with the equation just cerived from the latitude numbers 
increases. If we move it toward the left, the latter condition 
is not satisfied until the are coincides with the Earth’s orbit 
E\E3; tor these points the second condition is necessarily satisfi- 
ed since bi = by = O, and the first condition is, of course, sat- 
isfied by this location also. We therefore conclude that the 
point r or r must lie to the right of sc, and that the motion 
of the comet is retrograde. . 

To avoid confusing the figure, we draw the first trial orbit 
in this new direction at the point whose latitude number is 35. 
The position r’’’s” renders the orbit convex toward S as before. 
but this convexity diminishes as r’” is moved toward the left. 
The position rs”, for example, locates the extremity at 0” 
rendering the arc slightly concave toward S. This curvature, 
though slight, is greater than we should expect and a careful 
measurement of the latitude numbers shows that the second 
condition is not satisfied, for we have, latitude number of r’’= 
36.82, of s” =35.00, and of 0” =33.60, whence hi+hb.=1.82+1.40 
=1.30, a number which is slightly too great. Were it not for 
the too great curvature, however, we would suspect that the 
position rs” was very near the true one. (This curvature can 
readily be diminished by moving r’’ toward r’”’, but this causes 
the latitude numbers to disagree). 

If, keeping r’s” parallel to itself, we displace this arc toward 
the right, its curvature will lessen and the second condition be- 
come more nearly satisfied; if we displace it too far, however, 
for example to the point whose latitude number is 50, then we 
find that a great inclination, rs, renders the are convex toward 
S while a small one r’s, does not satisfy the second condition. 
In short, we find that there is only one small region lying slight- 
ly to the right of the points whose latitude numbers are 40 for 
which both conditions are satisfied. The direction of the arc is 
also fixed with but very little uncertainty; a very few trials 
similar to those which have just been described lead to the line 
ABC as the best position of the projected orbit. For this posi- 
tion we find, latitude number of A = 45.08, of B = 42.73, and 
of C = 40.90; hence b; = 2.35, b: = 1.83, and b; + b, = 1.285. 
The law of areas is also exactly satisfied. 
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Thus, even in this difficult case, we see that the graphical 
method will locate the projected arc with considerable accuracy. 
In the original drawing the distance SE, corresponded to ten 
inches and on this scale the are AC could hardly have been dis- 
placed one quarter of an inch in either direction without sensibly 
rendering the conditions employed in its determination 
unsatisfied. 

To find the elements of the true orbit, we now draw Ah and 
Ch’ perpendicular to AC and equal to 45.08 and 40.90, respect- 
ively, join hh’, and produce this line to meet AC produced in 
2. The line SQ is then the line of nodes and we find by measure- 
ment VSQ=02=54° 54’. Since tan 1 = latitude number of A+ AN, 
= latitude number of B + BN), etc., we also find, 


Lat. No AN) etc. tan 7 1 
A £5.08 30.00 1.503 123° 37’ 
B 42.73 28.43 1.498 123 44 
Cc 40.90 27.20 1.599 123 32 


whence, from the mean of the three values, 7 123° 38. 

To draw the true orbit, we choose a point S’ to represent the 
Sun and employing a scale one-third as great as that used before 
lay off S’m = ¥SM, S’n. = 4gSN2, etc., and ma = NA sec ij, 
nyab = YgN2B sec 1, ete. We find, see 7= 1.201, NA sec i = 
36.00, NoB sec i =: 34.11, and NsC sec i 32.64. With a center 
aand a radius aS’, we describe the are C, and witha center c 
and a radius cS’, we describe the arc C’; we then draw TT’ 
tangent tu these arcs and S’D perpendicular to TT’, marking 
the perihelion P, midway between S’ and TT’. Finally, having 
the focus S’ and the directrix TT’, we draw the parabola MN 
as in previous cases. 

We find by measurement, S’P = gq =0.739, NS’P = wo = 271° 2’, 
and finally, by comparing the area PS’a with aS'c, T = Sept. 
3.740. The entire system of elements compare with those 
derived by computation from the same observations as follows. 


Graphical Method Computation 
oi Sept. 3.740 Sept. 16.1274 
w 271 = 296° 45’.9 
\V 54 54 63 36.3 
I 123 38 120 11.9 
q 0.739 0.9874 


19.—Letermination of an Ephemeris.—We will now apply the 
method of (13) to find the position of this comet in the sky at 
midnight of every fourth day from the time of the last observa- 
tion until the end of the month. The several dates will be, 
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ts Uct. 19.5 


t;= 23.5 
t= 27.5 
. i= 81.5 
Since (ts — ts) + (ts — th) = 1.474 + 2.311 0.638, we draw 


amn perpendicular to cS’, making mn == 0.638 X am, and nf 
parallel to cS’, and thus obtain the point f for the position of 
the comet in the true orbit on the fourth date. 


Similarly, since (ts — ts) + (ts— ti) 14.00 + 3.784. 1.057, 
we draw am’n’ perpendicular to /S’ and n’g parallel to fS’, mak- 
ing m’n’ = 1.057 X am’ and obtain the point g. Similarly the 


”, 


point h is located, after which we draw m’’n” perpendicular to 
hS’ and gm parallel to hS’, lay off hn’ = hm’, draw n’’k paral- 
lel to HS’, and so obtain the last position at k. 

We next let fall the perpendiculars fm, gns, etc., measure S’n,, 
S’n,, etc., lay off SNi = 3xS’m, SN; = 3xS’n;, ete., and at the 
points N;, Ns, etc., erect perpendiculars laying off on them the 
distances Ni\F = 3xmf cos 1, NsG = 3xmg cos i, etc. The points 
so obtained are the successive positions on the projected orbit. 

From the Berliner Jahrbuch, page 17, we now copy the values 
of L and R from which we obtain as usual the positions of the 
Earth at E;, E;, ete. 


No. Date 8 log R R tan L 
4 Oct. 19.5 25° 24’ 29” 9.99811 0.9957 0.4750 
5 23.5 29 23 14 9.99763 0.9945 0.5631 
6 27.5 33 22 32 9.99717 0.9935 0.6588 
7 $1.5 7 23 36 9.99672 0.9925 0.7632 


Joining EF, E;G, etc., and measuring the angles which these 
lines form with the direction SV, we obtain the following values 
of the longitudes of the comet : 
No \ 
1 27° 24’ 
) 121 45 
6 114 19 
7 104 33 
The corresponding latitudes are obtained trom the equations 
derived in (13) : 


N4 ; GN 
an py => EsF tan 71, tan §; = E.G * in 7, etc 
We find, tan 7 1.508 ; 
No. FN, ete. EyF etc (FN, EyF) et 3 
+ 25.20 77.60 0.3247 —26 1’ 
5 20.71 68.56 0.3020 —24 25 
6 16.06 60.56 0.2626 —21 IT 


11.76 53.80 0.2185 —18 11 
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The values of 8 are evidently negative since the comet has not 
yet passed the ascending node. 

It now only remains to derive the right ascensions and decli- 
nations which correspond to the above longitudes and latitudes. 
The most convenient method of Coing this is exactly similar to 
that of the inverse problem described in (14). We first compute 
two auxiliary quantities mand M from the equations, 

m sin M= sin B 
m cos M= sin \ cos £, 
and then find a and 6 from the equations, 
m cos (M + e) 


tan «= 
cos \ cos B 


‘ sin 6== msin (M+ e). 
The entire computation for the first date of the ephermeris is as 
follows : 
sin \ 9.90005 p sin (ua +e) 9.14891 n 
cos 8 9.95366 p log m 9.92317 p 
cos Xv 9.78346 n cos (u + e) 9.99565 p 
sinB=msin M_ 9.64184 n sin 6 9.07208 n 
m cos u 9.85371 p cos \ cos 8 9.73712 n 
cos u 9.93054 p tan a 0.18170 n 
tan u 9.78813 n 6 — 6 ° ( 
u —31° 33’ a 123° 21’! 
ute —-s 6& a 8" 13" 245] 

The four resulting positions are given below, and for compari- 
son with these the values are written which were derived by 
computation. It will be seen that the positions of the comet 
obtained by the graphical method are in this case quite ac- 
curate enough to enable the body to be followed for ten days 
or two weeks after its discovery. 

EPHEMERIS. 
Berlin M. T. a 
1907 Oct. 8» 13™ 245 
7 54 52 
7 30 O 
6 55 24 
EPHEMERIS FROM COMPUTATION.* 
B. M. T. a 
1907 Oct. 19.5 8" 13" 495 —§ 
23.5 56 39 —4 
27.5 33 31 —} 
$1.5 F 0 48 +3 
The End. 


University of Pennsylvania. 
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* Lick Observatory Bulletin No. 121. 
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GRAVITATION.* II 
CHARLES MORRIS 


It may be desirable, in concluding this paper, to state briefly 
what results have been reached in precdeing gravitation hypoth- 
eses. It is interesting to note that all of these are based on 
some action of an ether supposed to pervade space, and in 
nearly all cases they confine themselves to the energy effect of 
this substance on the spheres considered as’ wholes. Two only 
of them are based upon a special ether, separate from the or- 
dinarily accepted ether. Sir William Thomson (Lord Kelvin) 
suggests that the phenomena of gravitation might be explained 
by the action of an incompressible fluid filling all space, created 
constantly in each particle and flowing off into infinity, or 
created at infinite distances and flowing in all directions in up- 
on each particle. This idea of incessant new creation is too 
remote from scientific conceptions to be for a moment consider- 
ed. The other hypothesis is that of the ultramundane corpuscles 
of Le Sage, interesting from the fact that it alone among grav- 
itation hypotheses gained wide acceptance, and finds adherents. 

The Le Sage corpuscles consist in a vast number of minute 
particles moving rapidly in all directions, impinging upon every 
mass of matter and condensing it by the force of their impact. 
Where two spheres are sufficiently near each other, each 
“Shadows” the other, that is, screens the other from a certain 
number of the corpuscles. There are thus fewer blows on their 
opposed faces than on their more distant faces, and this excess 
of impacts on their distant sides acts to force them towards 
each other. 

This hypothesis has the advantage of dealing with molecules 
and atoms as well as with spheres, its swift-flying corpuscles 
being supposed to pentrate the spheres to their inmost recesses. 
Its simplicity and conceivable adequacy, as compared with 
other hypotheses has rendered it attractive, even to many 
scientists. Yet it has been rejected by the great body of physi- 
cists for several reasons. Its requirement of a second ether, per- 
vading a universe supposed to be already fully occupied by an 
ether of different character, is exceedingly improbable. And 
Clerk-Maxwell has demonstrated that the energy exerted by 
these corpuscles would far surpass that needed for gravitative 
purposes and, converted into heat, would be sufficient to raise 


* The Journal of the Franklin Institute, March, 1909. 
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the spheres toa melting temperature in a brief period. As re- 
gards the problem of the instantaneous transmission of gravita- 
tive force, it does not deal with it at all. 

These points are dwelt upon here from the fact that the pres- 
ent hypothesis, while radically different from that of Le Sage, is 
like it in dealing with an ether that penetrates the spheres and 
acts upon every molecule of matter, and also formulates a con- 
dition somewhat like that of the “shadowing”’ of neighboring 
spheres by each other. It, however, deals with these subjects 
from a different point of view. Instead of presenting a flying 
corpuscle, striking the molecule with its full energy, and likely 
to yield far more force than is needed for gravitative purposes, 
it replaces impact by vibratory pressure in which only the energy 
needed is employed, all excess of energy being taken up by the 
molecules. as vibration and passed onward to the ether beyond. 
Thus it does away with the necessity of a special ether, adapted 
to this function alone, and disposes of the difficulty of a surplus 
energy, while the “shadowing” action is replaced by a more 
effective mechanism. It further is in accordance with the phe- 
nomenon of the instantaneous transmission over great distances 
of the gravitative effect. This is a crucial element in the prob- 
lem. Instead of dealing with a simple action between Sun and 
planet, it seeks to make this principle universal by showing 
that each sphere or mass of matter is surrounded by an atmo- 
sphere of weakened ether energy, decreasing in effect outwardly 
in strict accordance with the Newtonian law of gravitation. 
In this atmosphere all external spheres swim, so that their 
gravitation toward the acting body ateach instant must ex- 
actly accord with their distance and vary in accordance with 
every change in distance, the time element being thus removed. 
There are other conditions, of a less stringent nature than this, 
demanded of all attempted explanations of gravitation, but 
these it is not necessary to name here, as none of them are 
violated by the present hypothesis. 

(Concluded.) 

[SUPPLEMENTARY NOoTE.—Since reading the proofs of the above my atten- 
tion has been called to an article by O. Keeler, in Comptes Rendus, vol. 147, 
pages 853-856 (Nov. 9, 1908}, on the Reaction of the Ether on Matter asa 
Cause of Universal Attraction in weich the author shows that if the primary 
atoms (atomules) emit radiations, which like radiation, are capable of exerting 
pressure, then matter composed of atoms will be subjected to an attraction 
similar to that required by Newton's law of gravitation. In relation to this 
suggestion | would say that the conclusion reached is an obvious one, in view 
of the recent demonstration that the rays of light exert some degree of com- 
pressive force upon matter. | 
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PLANET NOTES FOR JULY AND AUGUST, 1909. 


Mercury will be at greatest elongation. west fron 


ie Sun 21 12’, on 

July 7, and will be visible as morning star for a few mornings before and after 

that time. The planet at that time will be about 20° north declination and so 
I 


must be looked for pretty well around toward the northeastern horizon. On 
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THE CONSTELLATIONS AT 9:00 P. M., AuGusT 1, 1909 


Aug. 4, Mercury will be at superior conjunction, and it will be invisible for the 
remainder of the month. 

Venus is evening star slowly moving out trom the Sun’s glare and slowly 
increasing in brightness. She may be seen in the west soon after sunset. Her 


course during these months will be southeastward through Cancer and Leo 
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On Aug. 11, she will pass quite close to Jupiter. The two planets will appear 
as twins for several days before and atter this time. Their closest approach 
will be on Aug. 11 at 19", Greenwich mean time, when Venus will be 12’, or 


less than half the Moon’s diameter north of Jupiter. 


Mars may be observed in the morning being near the meridian at five 
o’clock on July 1 and at two o’clock on Aug. 31. During these two months 
the apparent diameter of Mars will increase from 15” to 24”. The phase being 
nearly full the markings of Mars may be studied under fairly satisfactory 
conditions, 

Jupiter may be seen in the west during the early evening, but is getting too 
near the Sun for satisfactory study. The conjunction of Jupiter has already 
been mentioned. Mercury will be in conjunction with Jupiter, the former being 
40’ to the south of the latter on Aug. 15 at noon Greenwich mean time. 

Saturn will be at quadrature, 90° west from the Sun on July 15, and so 
may be studied in the morning hours, The planet will be almost stationary in 
Pisces during these two months, the motion being eastward until Aug. 5 and 
after that retrograde. 


Uranus will be at opposition on July 11 and so will be in best position for 
study during these months. The course of the planet is short in Sagittarius, 
its movement being slow, westward. 

Neptune will be in conjunction with the Sun on July 9, so that it will not 
be visible during these months. 





Occultations visible at Washington. 
IMMERSION EMERSION. 
Star's Magni- Washing- Angle Washing- Angle 
Name tude. ton M.T. fm N. ton M.T. f'mN 
h m . h m ’ 

191 B. Ophiuchi 38 136 6 33 262 
b Ophiuchi 04 100 7 O08 299 
\ Sagittarii 25 8 00 340 
37 Capricorni 34 if 36 273 
145 B. Capricorni 04 36 6 18 224 
64 Ceti 59 5§ 5 00 245 
é' Ceti 55 5 00 250 
163 B. Tauri 52 2 5 22 187 
84 B. Scorpii 58 17 276 
51 G. Seorpii 34 26 2 38 255 
30 Piscium 52 : 9 36 284 
33 Piscium 20 45 262 
24 B. Ceti 59 86 206 
26 Ceti 30 2 : 271 
33 Ceti 55 7 ¢ 246 
52 B. Geminorum 34 F f 270 
/ Virginis 45 ; 300 
uv Libre 11 232 
143 B. Capricorni 02 , 240 
154 B. Capricorni 3 07 242 
69 Aquarii 5.6 07 ¢ 206 
t Aquarii’ 4.4 at 237 


w 
= 
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COMET NOTES. 


The Discovery of Comet 1909 a.—A few minutes before 2 a. M. on the 
morning of June 16, while sweeping with the 5%, inch comet seeker I founda 
hazy object in the field with a Trianguli. After some delay the 91% inch telescope 
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was turned upon it, but by the time motion was evident, twilight had begun 
and made it impossible to secure measures with the micrometer. The following 
night I had some difficulty in finding the comet owing to hazy sky. A few 
minutes after it was located clouds intervened and prevented micrometric 
measures. 

This comet is round, except fora slight elongation away from the Sun. It 
is somewhat condensed toward the center, and has a faint nucleus. Its bright- 
ness is between that of an eighth and ninth magnitude star. 

ZACCHEUS DANIEL. 

Princeton University Observatory, 

Princeton, New Jersey, 
June 22, 1909. 





New Comet a 1909 ( Daniel).—The first new comet for this year was 
discovered by Zaccheus Daniel at Princeton on the night of June 15. The new 
comet is small, but rather bright in a small telescope, about 2’ in diameter, 
with a strong central condensation. With the 16 inch telescope on the morn- 
ing of June 19, the observer occasionally glimpsed a very small stellar nucleus 
and could by averted vision and motion of the telescope catch glimpses of a 
very faint spreading tail extending 4’ or 5’ from the nucleus. 

The discovery position of the comet was in the constellation Triangulum. 
It motion is northward more than a degree per day, and will carry the comet 
through the foot of Andromeda and head of Perseus 

The following observations are at hand : 


a 5 Observer Place 
h om 8 , 
June 15.80 1 39 54 +28 55 Daniel Princeton 

16.5306 1 41 54.1 +29 58 18 Javelle Nice 

17.7888 1 45 24.7 +31 46 29 Hussey Ann Arbor 
18.7979 1 48 17.7 +33 11 17 Hussey Ann Arbor 
18.8204 1 48 21.7 +33 13 02 Miss Bigelow Northampton 
18.8441 1 48 35.18 +33 15 41.4 Wilson Northfield 
18.9809 148 49.5 +33 26 15 Tomas? Mt. Hamilton 


The following approximate elements and ephemeris computed by Kobold 
have been received by cable from Kiel, Germany. They depend upon observa- 
tions made on June 16, 17 and 18. 


ELEMENTS OF COMET a 1909 


T = 1909 June 5.31 


o= 5° 04’ 
Q= 306 21 
r=: «Gi OS 
q = 0.842 


EPHEMERIS. 


a. A. Decl Brightness 
June 22 15 59™ 23° +38° O01’ 0.80 
26 212 36 +42 50 
30 2 26 6&9 +47 939 


July 4 2 42 32 +50 59 0.50 
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VARIABLE STARS. 








Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning 
Central Standard time subtract 6 hours, or for E 


SY Androm. 
d h 


July 6 2 


Aug. 9 23 

SX Cassiop. 

July 7 14 

13. 4 

U Cephei 

July a 2 

e 1 

12 0O 

tc |OO 

22 O 

26 23 

31 23 

Aug. 5 22 

10 22 

15 22 

20 21 

25 21 

30 21 

Z Persei 

July 3 13 

9 16 

15 18 

ai. 21 

28 0O 

Aug. 3 3 

9 5 

16 S$ 

21 11 

27 13 

RY Persei 

July 3.7 
17 

30 18 

Aug. 13 12 

27 65 


RZ Cassiop. 


July L if 
4 3 

6 12 

8 21 

a 7 

13 16 

16 62 

18 ll 

20 20 

23. «O«6 

25 15 

28 0 

30 10 

Aug. 1 19 


RZ Cassiop. 
d h 


Aug. 4 5 


6 14 
8 23 
11 9 
13 18 
16 8 
18 13 
20 22 
oo 8 
25 17 
28 2 
30 12 
RX Cephei 
July 24 23 
Aug. 26 6 
ST Persei 
July 2 6 
‘+ 18 
2 20 
18 3 
23 10 
28 17 
Aug. 3 0 
S 7 
10 23 
16 6 
2: 22 
24 4 
29 12 
Algol 
July 2 23 
8 17 
14 9 
20 4 
25 21 
31 15 


1 
17 20 
23 14 
29 7 
* RT Persei 
July 1 9 
3 2 
4 18 
6 11 
8 + 
9 21 
J1 14 
13 6 
14 23 





RT Persei 

d h 

July 16 16 
17 12 

19 5 

20 22 

22 18 

24 7 

26 0 

2c iz 

29 10 

31 2 

Aug. 1 19 
3S i2 

& 5 

b 22 

8 14 

0 6 OCT 

12 0 

13 17 

15 9 

iy a’ 

18 19 

20 12 

22 4+ 

23 21 

<6 14 
aalCUt 

29 0 

30 16 

\ Tauri 

July 2 16 
10 14 

18 11 

26 9 

Aug. a ¢ 
11 5 

19 «62 

27 «0 

RW Tauri 
July 3 12 
9 1 

14 13 

20 2 

25 15 

31 4 

Aug. 5 17 
11 6 

16 19 

22 8 

2¢ (621 
RV Persei 

July t i060 
5 9 


RV Persei 
a h 


July 9 7 
13 6 

17 §& 

21 4 

25 2 

29 1 

Aug. 2 0 
5 22 

9 21 

13 20 

17 19 

21 17 

25 16 

29 15 

RR Persei 

July 12 6 
Aug. 7 16 
RS Cephei 
July 6 6 
31 22 

Aug. 24 22 


RY Aurigze 


July 2 3 
7 14 
i 4 
18 12 
23 23 
29 10 
Aug. 3 21 
9 8 
14 19 
20 6 
25 16 
31 3 
RZ Aurige 
July 1 19 
% 20 
13 2 
19 22 
25 22 
$1 23 
Aug. 7 0 
13 1 
19 1 
25 2 
3 3 
RW Geminorum 
Aug. a 2d 
7 4 
12 22 
18 15 
24 9 
30 2 





with noon. 
astern time subtract 5 hours.] 


U Columbee 
a h 


Aug. 2 0 


7 15 
13 5 
18 19 
24 19 
30 60 


RW Monoc. 
Aug. 2 4 


6 9 
10 5 
14 0 
17 20 
21 16 
25 11 
29 7 


RX Geminorum 


Aug. 12 15 
24 20 


RU Monoc. 


Aug. 1 13 
3 Ss 
S 3 
6 22 
8 17 

10 12 
12 F § 
14 2 
zo 63h 
7 «6 
19 11 
21 6 
23 1 
24 20 
26 15 
28 10 
30 5 


RX Geminorum 
Aug. 7 20 
26 11 

R Canis Maj. 
Aug. 1 13 


3 20 

6 2 

8 9 
10 16 
12 22 
15 5 
az 13 
19 18 
22 0) 
24 7 
26 i3 


To reduce to 














Minima of Variable Stars of the Algol Type.—Continued. 


R Canis Maj. 


d h 
28 20 


Aug. 
31 1 
Y Camelop. 
July 3 8 
9 2s 
16 13 
23 «4 
29 19 
Aug. § 9 
12 O 
i8 15 
25 5 
31 20 
RR Puppis 
Aug. 7 2 
19 23 
V Puppis 
Aug. 1 16 
14 
7 12 
10 10 
is 6§& 
16 5 
i9 3 
22 1 
24 23 
27 21 
30 18 


X Carine 
July 1 21 


4 1 
6 S$ 

f 9 
10 13 
2 if 
1 21 
ny l 
19 5 
21 9 
23. 13 
25 17 
27 22 
50 1 
Aug. : & 
3 9 
5 13 
7 17 
9 21 
12 0 
14 4 
16 8 
68 i2 
20 16 
22 20 
25 UO 
2% 4 
1g 8 
5 12 


S Cancri 

d h 

Aug. 9 3 
28 2 


Y Leonis 


July 1 12 
4 20 

8 5 

11 14 

14 23 

2 Ss 

21 17 

25 2 

28 11 

31 20 

S Velorum 
July 4 7 
16 4 

28 1 


RR Velorum 


July 1 4 
i: 21 

8 14 

iz 7 

16 O 

19 17 

23 10 

27 3 

30 20 

SS Cancri 
July 2 22 
9 13 

16 3 

se 10 

so 668 

RW Urs. Maj. 
July i 3 
15 19 

30 11 

Aug. 14 2 
28 18 


Z Draconis 


July 1 2 
3 19 

6 12 

+ 5 

11 22 

14 16 

i: 2 

20 2 

22 19 

25 12 

Ae) 5 

0 23 

Aug 2 16 
5 9 

8 2 

10 19 


Z Draconis 116.1908 Ophi. 


Aug. 


Aug. 


Aug. 


115.1908 


July 


Aug 


Variable Stars 


d h 
i3 12 
16 5 
18 23 
21 16 
24 9 
27 2 
29 19 


SS Centauri 
July 2 


1 2 
6 21 
11 20 
16 19 
2i 18 
26 i7 
31 16 
§ 15 
10 14 
15 13 
20 12 
25 13 
30 10 
6 Libre 
2 21 
13 
12 5 
16 21 
> a 
26 4 
30 20 
4 11 


| lk ll ae 
-1W 0 Ww ¢ 
~ 
=" 


J Corone 
3 9 
10 6 
17 + 
24 2 
31 0 
S. 23 
13 #19 
20 17 
27 14 
Ophi. 

1 4 
6 2 
10 23 
15 20 
20 18 
25 15 
30 13 
4 10 
y 7 
14 5 
19 2 
4 O 
28 21 
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U Ophiuchi 


d h d h 
July 2 4 Aug. 31 3 
5 6 6 Z Herculis 
lu 9 July 4+ 13 
14 12 12 13 
18 15 20 12 
22 18 28 12 
26 21 Aug. 5 12 
31 20 is i} 
Aug 4 83 21 11 
, 8 6 27 «5 
12 #9 RS Sagittarii 
16 12 July 1 15 
20 15 6 13 
24 18 11 6 
28 21 16 2 
R Are 20 22 
July 2 4 25 18 
11 0 30 14 
19 21 Aug 4 10 
28 17 9 6 
\ug 6 14 14 2 
15 10 18 22 
24 6 23 #18 
U Ophiuchi <8 it 
July . 34 V Serpentis 
; 10 July 3 8 
5 2 10 6 
6 18 17 3 
8 10 24 1 
10 8 30 23 
11 19 Au; 6 21 
13 11 13 19 
15 3 20 16 
16 20 27 14 
18 12 RZ Draconis 
20 4 July 1 16 
21 20 3 20 
23 13 6 1 
25 5 Ss 6b 
26 21 10 11 
238 13 12 16 
30 6 14 21 
31 22 17 2 
Aug 2 t 19 a 
4 7 21 12 
5 23 23 16 
7 13 25 21 
9 7 28 2 
10 23 30 7 
12 16 Aug. 1 12 
14 & es. ae 
16 O »> 22 
ly ae 3 
9 9 10 8 
21 1 i2 12 
22 is 14 17 
24 10 3G Za 
26 2 19 3 
Zi id 21 Ss 
29 10 23 43 





Minima 


RZ Draconis 
d_ h 

Aug. 25 18 
ai 238 


30 3 


RX Herculis 
July 1 4 
2 2 

18 

12 
5 
2 
20 
15 
10 


ee 
G2 CO Co > 


~) — e b> 
NE DmOEucoiewo 


— ef 


2 
14 
16 
18 
19 
21 
23 
25 
27 
28 
30 


21 
16 


SX Sagittarii 

July 2 10 
6 14 

10 18 

14 21 

19 1 

23 «5 
a, 

31 12 


of Variable 
SX Sagittarii 


h 
16 
20 


Aug. 


RR Draconis 
July 2 8 
O 

16 

8 

O 

16 

8 

0 

16 


‘ 
23 


RZ Ophiuchi 
July 19 5 


U Scuti 
July 


Foon 


Aug. 


bo o-) 


mb bh 
Conc 


~~ 
mc 


Variahle Stars 


Stars of the Algol Type.—Continued. 


U Scuti 


d 
22 
24 
26 
27 
28 
29 
30 
30 
31 


Aug. 


2 
9 


RX Draconis 
July 
23 
19 
14 


oO Oe Oe OH ll le 
BOK te 
me Ie 
Aer &e®e 


—e lO 
a) 


“100 © Ole ORR A 
a or 


ON - 


cou 


RV Lyre 
July 2 15 
9 20 

16 0 

23 5 

31 10 

7 14 

14 19 

22 0 
29 5 


U Sagittae 

July 1 
8 

14 

21 
28 

+ 

11 

17 

24 

31 


July 


Aug. 


July 


Aug 


SY Cygni 


RR Delphini 


d h 
6 18 July 


18 
30 
11 
23 


19 
19 
19 
20 


W Cygni 
2 #1 
8 12 

16 3 
22 19 
29 10 

3 1 
23 OG 
18 8 
24 23 
31 14 


SW Cygni 


2 


Cygni 
1 23 
18 20 
4 $17 

21 13 


Cygui 


6 
3 
0 
23 


20 
18 
16 
13 
11 


’ Delphini 


3 
18 
8 
23 
14 

4 
19 


July 


Aug. 


VV 
July 


UZ Cygni 
10 10 


Aug. 10 18 


143.1907 Andr. 


July 2 


1 & 
18 

18 16 
24 é 
29 1 
4 6 
9 19 
15 8 


Aug. 
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Maxima of Variable Stars of Short Period not of the Algol Type. 
Zz ae | 


Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 


SY Cassiop. W Geminorum W Carinae S Crucis V Centauri 
d h d h d h d h 
July 1 13 (—2 2) july 17 6 Aug. 20 16 Aug. 6 4 
§ 15 July 2 22 2i 15 25 8 1l 16 
9 17 10 20 26 O 30 1 17 ! 
13. «#419 18 18 30 9 29 15 
7 2 26 16 Aug. 3 28 3 
21 32 Aug. “3 id — 8 "2 i —— a 
26 8) ii 12 i Ee July . os R Triang. Austr. 
30 1 19 10 16 20 ee (—1 0) 
Aug. 3 3 27 ':«8 21 5 . 2. ee 
7s ; 25 14 : © 4 10 
11 6 ¢ Geminorum 299 23 , 8 7 19 
15 R (—5 a 11 we 11 4 
19 19 July 1 12 S Musea 12 2 14 14 
923 12 11 16) July 8 i4 18 17 23 
a7 13 21 19 ~ 17 17 16 15 21 =«8 
31 15 31 243 27 9 18 12 24 18 
F " Bog Th © gue “6 © 20 9 22 3 
RW Cassiop. 21 15 16 22. 6 31 12 
(-5 19) 31 10 25 ) 24 3 Aug 3 22 
uly 19 2 mem te 26 UO 7 = 
Jul; 24 22 RI Camtion T C rucis 97 21 10 16 
\ug. am 4 July 22 19 July 7 10 sae 18 14 2 
= as 2 hClU RD = = 17 11 
a aaa 20 21 Aus 2 12 20 20 
RX Aurigz . age ay O7 14 -+ 9 24 «6 
- ) i ~ oe q j , 7 e 
july 1 22 July 6 20 Aug. 3 8 8: = = 
sai. 13 13 i3 13 10 2 10 0 31 0 
Or = 20 6 16 19 a ~~ 
<9 ) 26 99 93 13 11 21 SS Triang.Austr. 
Aug. 5 20 ar — - 13 18 July 6 19 
17 11 Aug. a 15 oVU b 15 16 - 12 ws 
P 9 8 os > 
29 2 R Crucis 17 13 9 13 
16 O a 
Tes ~ =i (—1 10) 19 10 25 18 
¥ Aurige = = jm 68 4 21 7 Au. 1 2 
(—O 18) 29 10 11 O 92 { - - 
July 4 10 ae 16 20 = *% ee 
e ¢ T Velorum 29 18 <9 ‘ 13 18 
12 2 (—1 10) ao 16 26 22 20 l 
16 o July + 22 8 11 28 1! 26 9 
19 20 9 13 Aug = . 30 16 
23 if 14 4 Pe S Norme 
27 13 18 20 1¢ ri (<4 10) 
31 10 23 11 ms + W Virginis July 8 14 
= OS ” aU -S ») 13 g 
Aug. + ‘ sas 4 July 6 1 ‘ 
2 Aug. s ts ae os 23 2 
5 = 6 ri S Crucis goad : ov 2 
12 0 — =i in te, 8 14 oe 6A 
15 20 a a ee ee a a4 11 14 
19 17 15 16 - - 9 10 = = 921 rs} 
n- 20 7 ; : 31 2 
- + 24 22 14 Pr V Centauri 
31 - 29 14 18 4 Jul (—1 11) RV Scorpii 
3 ( 23 12 uly 4 =) (—1 10) 
T Monoc. W Carine 28 5 Y 17 July 5 15 
(—9 23) (— 1 o) Aug. 1 21 15 11 16 
July 5 15 July . § 6 14 20 16 17 18 
Aug. 1 15 8 12 11 6 26 4 23 19 
28 16 12 21 15 23 31 16 29 21 
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RV Scorpii 
d h 


U Sagittarii 


July 


Aug. 


July 


July 


July 


Aug. 


July 


Aug. 


July 


Aug. 


Aug. 4 22 (—2 23) 
11 0 1 14 
ms 6 rs S 
23 3 15 2 
29 4 21 20 
RV Ophiuchi = 7 
Minimum. 11 1 
July 4 14 SS wea 
8 = 17 19 
, 24 13 
11 23 31 pa 
15 16 : 
19 8 Ps L yre 
23. 0 kt 
26 17 5 22 
30 69 12 14 
Aug so 2 18 20 
6 18 25 12 
10 11 21 18 
14 3 « Pavonis 
17 20 (—4 7) 
21 12 5 s 
< 65 14 10 
28 21 23 12 
X Sagittarii Aug. 1 14 
2 an i 10 16 
July 2 19 19 18 
9 19 28 21 
16 19 Aquilz 
23 19 (—-2 +) 
30 20 5 14 
Aug. 6 20 12 15 
si 13 20 19 15 
20 21 26 16 
27 21 2 16 
= —e 9 1 
=e 16 18 
July 16 10 23 18 
Aug. 2 %8 30 19 
19 16 UV ulpecule e 
WS Sagittarii = = 
(—3 0) 5 13 
july 6 8 13 12 
; 13 22 21 12 
ae 642 29 11 
29 3 G ii 
Aug. ; 27 14 11 
13 7 22 10 
20 21 30 10 
28 12 SU Cygni 
¥ Ragistent 2 2 
(—- 2 j 2 6 
July 6 id 6 13 
12 8 10 9 
18 3 14 § 
23 21 18 2 
29 16 21 22 
Aug. 4 10 25 18 
10 5 29 14 
16 O 2 11 
21 18 Se F 
27 13 10 83 


SU Cygni 
d 


h 
Aug. 14 0O 
17 20 
21 16 
25 13 
29 9 
7 Aquilae 
(— 2 6) 
July 6 8 
13 13 
20 17 
v9 er 
Aug. 4+ 1 
i ie 
18 10 
25 14 
S Sagittae 
(—3 10) 
July L 23 
i> 98 
18 18 
27 3 
Aug. 4 12 
2 21 
21 7 
29 16 
XV ulpeculs e 
(<< 1) 
July 6 2 
12 10 
18 18 
25 1 
31 9 
Aug 6 16 
13 O 
19 8 
25 15 
31 23 
V Vulpeculae 
Minimum 
July zs 2 
8 16 
xX Cygni 
(ff 
July 10 4 
26 18 
Aug. 12 3 
28 12 
T Vulpeculae 
(—1 10) 
July 1 22 
6 8 
10 19 
15 5 
19 16 
24 2 
28 13 
Aug. 1 23 
6 9 
10 20 
15 6 
re 37 
2+ 3 


T Vulpeculae 


d bh 
Aug. 28 14 
TX Cygni 

July 12 19 
27 13 

Aug. 11 6 
26 0 

VY Cygni 
(—2 14) 

July 4 23 
12 19 

20 16 

28 13 

Aug. 5 #69 
13 6 

21 2 

28 23 

VZ Cygni 

(—2 12) 

(—3 6) 

July 1 23 
6 23 

ae if 

16 17 

21 10 

26 10 

31 4 

Aug 5 4 
9 21 

14 21 

19 14 

24 14 

20 8 
Y Lacertae 
(—1 10) 

July 3 19 
8 3 

12 10 

16 18 
a 

25 9 

“9 17 

Aug. 3 0O 
7 8 

11 15 

15 23 

20 6 

24 14 

28 22 

5 Cephei 

July 2 8 
+ if 

i3 1 

18 10 

23 19 

29 «64 

Aug. 3 13 
8 zt 

14 6 

19 15 

25 Oo 

30 9 





Maxima of Variable Stars of Short Period not of the Algol Type.-Con 


V Lacertae 


d h 

(—1 16) 

July 2 10 
7 10 

12 9 

is 9 

22 6«€698 

27:~— i 8 

Aug. 1 8 
6 Ff 

11 7 

16 6 

21 6 

26 6 

31 5 
X Lacertae 
July 2 2 
7 18 

3 #6 

18 15 

24 2 

29 21 

Aug. 3 23 
9 id 

14 20 

20 7 

25 i7 

31 4 

SW Cassiop. 
July 2 10 
7 23 

ts £2 

19 1 

24 14 

30 3 

Aug. 4 16 
10 4 

io t7 

21 6 

26 19 


RS Cassiop. 


(—1 19) 
July 3 38 
9 10 

15 17 

22 O 

28 7 

Aug. 3.14 
9 22 

i6 5 

22 12 

28 19 


RY Cassiop. 


(—7 10) 

July i 2 
20 1 

Aug 1 4 
13 8 

25 11 
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Approximate Magnitudes of Variable Stars on June 1, 1909. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R.A. Decl. Magn Name R.A 


Decl Magn 
1900. 1900 1900. 1900 
h m 2 " h m ? , 

S. Sculpt. 0 10.3 —32 36 9.0 UCan. Min. 7 35.9 + 8 37 8.5 
X Androm. 10.8 +46 27 10.5 S Gemin. 37.0 +23 41 12.5d 
T Cassiop. 17.8 +55 14 11.5d T Gemin. 43.3 +23 59 12.5 
Y Cephei 31.3 +79 48 12.0 U Puppis 56.1 —12 34 <13 
U Cassiop. 40.8 +47 43 <14_ R Cancri 8 110 +12 2 9.0; 
W Cassiop. 49.00 +58 1 11.5d V Cancri 16.0 +17 36 7.8 
S Cassiop. 1123 +72 5 14.0d U Cancri 30.0 +19 14 13.5d 
R Sculpt. 22.4 —33 4 6.0 X Urs. Maj. 33.7 50 30 11.07 
RS Sculpt. 22.5 —33 26 <12.5 S Hydrae 484 +3 2 9.07 
X Cassiop. 49.x% +58 46 9.0 T Hydrae 50.8 8 46 13.0 
U Persei 53.0 +54 20 9.2d T Cancri 51.0 20 14 10.0d 
Z Cephei 2 12.8 +81 13 10.8 S Pyxidis 9 O7 —24 41 11.2d 
S Persei 15.7 +58 8 9.5 W Cancri 4.0 +25 39 13.5 
RR Cephei 304 +80 42 12.07 R Carinae 29.7 —62 21 9.9d 
R Trianguli 31.0 +33 50 12.0d X Hvdrae 30.7 —14 15 10.51 
R Horologii 50.6 —50 18 7.0d Y Draconis 31.1 +78 18 10.0d 
Y Persei 3 20.9 +43 50 10.5 R Leo. Min 39.6 +34 58 12.5d 
R Persei 237 +35 20 13.5 RR Hydrae 40.4 —23 34 <13.5 
U Eridani 46.2 —25 16 9.57 R Leonis 42.2 +11 54 9.07 
T Eridani 51.0 —24 20 11.5d Y Hydrae 46.4 —22 33 7.0 
W Eridani 4 7.3 —25 24 <12 V Leonis 54.5 +21 44 13.1d 
R Tauri 22.8 + 9 56 £8.51 RR Carinae 54.8 —58 23 1.8 
W Tauri 22.2 +15 49 12.3 S Carinae 10 6.2 —61 4 85 
S Tauri 23.7 +9 44 lid Z Carinae 10.4 —58 12 12 
T Camelop. 30.4 +65 57 9.1d R Urs. Maj. 37.6 +69 18 7.9 
R Reticuli 32.5 —63 14 10.5d V Hydrae 46.8 —20 43 10.5¢ 
X Camelop. 32.6 +74 56 12.8d W Leonis 418.4 14 #15 9.2 i 
R Doradus 35.6 —62 16 6.3. S Leonis 1! 5.7 6 O 13.0d 
R Caeli 37.0 —38 26 8.8 RComae 59.1 +19 20 12.5; 
R Pictoris 43.5 —49 26 7.5 TVirginis 12 95 — 5 29 13.3 
V Tauri 46.2 +17 22 12.5 R Corvi 14.4 18 42 9.0d 
R Orionis 53.6 + 7 59 12.5d SS Virginis 20.1 +1 19° 8.4d 
V Orionis 5§ 0.8 + 3 58 8.5 T Can. Ven. 25.2 +32 3 9.3 
T Leporis 0.6 —22 2 12.0 Y Virginis 28.7 — 3 52 10.51 
R Aurigae 9.2 +53 28 9.5d U Centauri 28.0 —54 6 <12 
W Aurigae 20.1 +36 49 <14 T Urs. Maj. 31.8 +60 2 8.3 i 
S Aurigae 20.5 +34 4 11.0d R Virginis 33.4 + 7 32 10.4d 
S Camelop. 30.2 +68 45 85 RSUrs. Maj 34.4 59 2 12.0 
U Aurigae 35.6 +31 59 12.8 S Urs. Maj. 39.6 61 38 8.0 
R Columbae 46.7 —29 13 10.5d RU Virginis 42.2 + 4 42 10.51 
U Orionis 49.9 +20 10 6.57 U Virginis 46.0 +6 6 835i 
V Camelop. 49.4 +74 30 13d RT Virginis 57.6 + 5 43 9.0d 
R Octantis 56.4 —86 26 10.5 RV Virginis 13 2.7 —12 38 10.0 
Z Aurigae 53.6 +53 18 10.5 V Virginis 22.6 2 39 10.01 
VY Aurigae 6 16.5 +47 45 9.7 R Hydrae 24.2 —27 46 9.1 
V Monoc. 17.2 — 2 9 11.0 S§ Virginis 27.8 — 6 4i i2.5 
S Lyncis 35.9 +58 0 9.9i1 T Urs.Min. 32.6 +73 56 12.8 
X Gemin. 40.7 +30 23 8.51 T Centauri 36.0 — 3 36 6.0 
Y Monoc. 61.3 +11 22 13.5 R Can. Ven. 44.66 +40 2 11.71 
X Monoc. 52.4 — 8 56 9Y9.8d RR Virginis 59.6 — 8 43 <13 
R Lyncis 53.0 +55 28 13.5 Z Bootis 14 1.7 +13 59 13.0 
R Gemin. 7 #413 +22 52 13.6 R Centauri 94 —59 27 8.0 
RCan. Min. 3.2 +10 11 9.Sd U Urs. Min 15.1 +67 15 11.0; 
L* Puppis 10.5 —44 29 5.0 S Bootis 19.5 +54 16 13.1d 
RR Monoc. 12.444 1 7 <14 RCamelop 25.1 +84 17 12.9 
V Gemin. 17.6 +148 17<13 R Bootis 32.8 +27 10 11.6d 
S Can. Min. 27.3 + 8 32 8.01 V Librae 34.8 —17 14 13.0 
Z Puppis 28.3 —20 27 <12 S Lupi 46.8 —46 12 8.5 
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Approximate Magnitudes of Variable Stars on June 1, 1909—Con. 


Name. 


h 
14 
15 


U Bootis 
RT Librae 
T Librae 

Y Librae 

S$ Librae 

S Serpentis 
S Coronae 
RS Librae 
RU Librae 
X Librae 

S Urs. Min. 
U Librae 

Z Librae 

R Coronae 
X Coronae 
R Serpentis 
V Coronae 
R Librae 

R Lupia 
RR Librae 
Z Coronae 
RZ Scorpii 
Z Scorpii 

R Herculis 
RR Herculis 
U Serpentis 
X Scorpii 
W Scorpii 
RX Scorpii 
RU Herculis 
R Scorpii 

S Scorpii 
W Coronae 
W Ophiuchi 
V Ophiuchi 
U Herculis 
Y Scorpii 
SS Herculis 
T Ophiuchi 
S Ophiuchi 
W Herculis 
R Draconis 
RR Ophiuchi 
S Herculis 
RS Scorpii 
RR Scorpii 
RV Herculis 
RT Scorpii 
R Ophiuchi 17 
RT Herculis 
RW Scorpii 
Z Ophiuchi 
RS Herculis 

S Octantis 
RU Ophiuchi 
RU Scorpii 
RS Ophiuchi 
RT Ophiuchi 
T Draconis 

— Draconis 
RY Herculis 


16 


R. A. 


1900. 


m 

49.7 

0.8 

5.0 

6.4 
15.6 
17.0 
£4. 
18. 
27 
30, 
33. 
36. 
40. 


- 
> 


45. 
46. 
46. 
47 
47. 
50 
52. 
58. 

0. 


COMM PIN EPID 


ABO 
Aanac 


Shee 
NOVO 


yuh 


one 
2» OVO 
Tote! 
oo 


OWuNIS 


— 
a 
fap) 
-_ 
= 


NUNSOOBDPEN< 


55.4 





Decl. 

1900 
+18 6 
—18 21 
—19 38 
— 5 38 
—20 2 
+14 40 
+31 44 
—22 33 
—14 59 
—20 50 
+78 58 
—20 52 
—20 49 
+28 28 
+36 35 
+15 26 
+39 52 
—15 56 
—36 0 
—i8 1 
+29 32 
—23 50 
—21 28 
+18 38 
+50 46 
+10 12 
—21 16 
—19 53 
—24 38 
+25 20 
—22 42 
—22 39 
+38 3 
— 7 28 
—12 12 
+19 7 
—19 13 
+ 7 2 
—15 55 
—16 57 
+37 32 
+66 58 
—19 17 
+15 7 
—44 56 
—30 25 
+31 22 
—36 47 
—15 58 
+27 11 
—33 19 
+1 37 
+23 1 
—86 46 
+ 9 30 
—43 42 
— 6 40 
+11 11 
+58 14 
+58 13 
+19 29 


Magn. Name. m, &. 
1900, 

h m 

11.5 R Pavonis 18 3.3 
12.5d T Herculis 5.3 
12.6 RY Ophiuchi 11.6 
9.8d W Lyrae 11.5 
12.0d RV Sagittarii 21.4 
11.8 SV Herculis 22.3 
9.6d T Serpentis 23.9 
10.0d RZ Herculis 32.7 
9.2 XOphiuchi - 33.6 
11.0 RYLyrae 41.2 
8.6d RW Lyrae 42.1 
11.8d RX Lyrae 50.4 
12.7d S Coron. Aust. 54.4 
13.0 ST Sagittarii 55.9 
10.0d R Coron. Aust. 55.2 
7.77 T Coron. Aust. 55.2 
9.0 Z Lyrae 56.0 
13° RT Lyrae 57.8 
12 RAquilae i9 1.6 
11.07 V Lyrae 5.2 
10.07 RX Sagittarii 8.7 
S.71 RW Sagittarii 8.1 
9.07 S Lyrae 9.1 
12.2d RS Lyrae 9.3 
8.5 RU Lyrae 9.1 
12.8 U Draconis 9.9 
12.8 W Aquilae 10.0 
12.7 T Sagittarii 10.5 
10.57 R Sagittarii 10.8 
<13 RY Sagittarii 10.0 
<13_ S Sagittarii 13.6 
12.8d Z Sagittarii 13.8 
8.8 U Lyrae 16.6 
<13_— T Sagittae 17.2 
9.0 TY Cygni 29.8 
12.0 RT Aquilae 33.3 
12.5 R Cygni 34.1 
8.8 RV Aquilae 35.9 
11.6d T Pavonis 39.5 
10.27 RT Cygni 40.8 
8.27 TU Cygni 43.3 
10.7 7 x Cygni 46.7 
13. S$ Pavonis 46.8 
11.07 RR Sagittarii 49.7 
11 RU Sagittarii 51.8 
11.0d RR Aquilae 52.4 
10.3 7 RS Aquilae 53.7 
11 ZCygni 58.6 
12.87 R Capricorni 20 5.7 
13.0d R Telescopii 7.6 
10.5 7 W Capricorni 8.6 
10.5 7 Z Aquilae 9.8 
11.2¢ RT Sagittarii 11.2 
12.5 U Cygni 16.5 
13.0d R Microscopii 34.0 
11.3d S Indi 49.0 
11.3 VCapric. 21 1.8 
<13  TCephei 8.2 
12.5 S Cephei 36.5 
11.0 R Gruis 42.1 
9.0 R Pisc. Aust. 22 12.3 


Decl. Magn. 

1900. P 
—63 38 12.5 
+31 0 9.4d 
+ 3 40 11.0d 
+36 38 12.8d 
—33 23 12.8d 
+24 58 12.8d 
+ 6 14 12.5 
+25 58 10.57 
+8 44 6.4 
+34 34 <13 
+43 32 <13 
+32 42 12.3 
—37 5 12.8d 
—12 54 13.0 
—37 6 12.0 
—37 6 13.0 
+34 49 11.5d 
+3i 22 9.8 
+ 8 5 10.8 
+29 30 <13 
--18 59 11.0 
—19 2 9.4 
+25 50 13.0d 
+33 15 <13 
+41 8 <is 
+67 7 11.0 
— 7 13 13.1 
—17 9 10.8 
—19 29 10.0d 
—33 42 7.5 
—19 12 <13 
—21 7 12.2 
+37 42 10.3 
+17 28 9.5 
+2s € 11.4 
+11 30 10.0d 
+49 58 9.31 
+ 9 42 <13 
—72 1 8.0 
+48 32 9.2; 
+48 49 12.8 
+32 40 4.5 
—59 27 7.0 
—29 27 8.0d 
—42 7 8.5d 
—2 11 9.2 
—- 8 9<13 
+49 46 9.07 
—14 34 <12.5 
—47 16 <13 
—22 17 13.5 
— 6 27 12.8 
—39 25 9.51 
+47 35 7.81 
—29 9<12 
—54 42 <13 
—24 19 <12.5 
+68 5 6.71 
+78 10 9.27 
—47 22 12.0d 
—30 6 <13 
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Approximate Magnitudes of Variable Stars on June 1, 1909—Con. 


Name. mm. we Decl. Magn Name. R.A Decl. Magn. 
1900. 1900. 1900 1900 
h m ° 4 h m ° , 
X Aquarii 22 13.2 —21 24 10.5d S Aquarii 22 51.8 —20 53 13 
RT Aquarii 17.7 —22 34 9.07 RR Cassiop. 23 50.7 +53 8 9.8 
T Gruis 19.9 —38 4 8.57 R Tucanae 52.2 —65 57 <13 
S Gruis 19.9 —48 57 11.8 R Casssiop. 53.3 +50 50 12.5 
R Indi 28.9 —67 48 9.07 Y Cassiop 68.2 +55 7 9.5 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 
the Harvard College Observatory from observations made at the Vassar, Mt. 
Mt. Holyoke, Whitin, Swartz, and Harvard Observatories, including the South 
African Station of the latter observatory 





New Variable Stars 7. and 8.1909.—In A. N. 4320 Professor W. 
Ceraski calls attention to two new variable stars discovered by Mme. L. 
Ceraski upon the Moscow photographs. Their positions are 


a 1855 61855 21900.0 61900.0 
7.1909 Geminorum 65 04™ 54* 6 +27° 42’ 6" O7" 448 +27° 43’ 
8.1909 Trianguli 2 18 ST +32 05 2 21 17 +32 17 


From an examination of twenty-three plates obtained between 1895 and 1909 
it appears that 7.1909 varies between magnitudes 10 and 121%, and that the 
period is probably several months. The discussion of fourteen plates obtained 
from 1906 to 1909 indicates that 9.1909 varies between magnitudes 10 and 
11%, the period being ahout 8% months. The last maximum occurred in 
October, 1908 





New Variable 12.1909 Pegasi.—This is announced by Professor 
Ceraski in A. N. 4321. On fifteen photographs taken in the years 1906 to 1908, 
the variation indicated is between magnitudes 10 and 12. The period is prob- 
ably long. The position of the star is 

1855.0 a 2 23° 20° 47" 5 +31° 53’ 


1900.0 23 32 0O +32 O08 





New Variable 13.1909 Vulpeculz.—In A. N. 4321 Mr. T. A. Ast- 
bury of Wallingford, England, asks observers to watch the star B.D. 


f about 7.9” on the 
Harvard scale, but upon Sept. 17 and Oct. 27, 1908 it appeared to gradually 


ur 
+22° 3617 (7.5™"). The star has a normal brightness 


diminish in brightness to the extent of rather more than a half magnitude in 
an hour and forty minutes. The place of the star is 


1900.0 a= 19" 07".2 5 +22° 15’. 





New Variables 15. and 16.1909 Lacertze.—These are announced by 
Professor W. Ceraski in A. N. 4322. The first has a range of variation of one 
magnitude, from 10™ to 11", and the period is either shortor quite irregular. 
The second varies from 10™ to less than 12™ in a period of roughly a year. 
The positions of the stars are 
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a 1855 61855 1900 6 1900 
15.1909 Lacertae 22h 3R™ 275 +48° 59’ 225 40” 21° +49° 13’ 
16.1909 Lacertae 22 50 Ol +47 42 22 52 00 +47 56 





New Variable 17,1909 Draconis.—In A. N. 4321, Professor Wolf calls 
attention tu the star B.D. +58°1782, which is ordinarily of magnitude 9.0, but 
upon a photograph taken on May 8, 1909, 9" 18" — 10" 53", KGnigstuhl mean 
time, was of about the 11th magnitude. Photographs taken on April 22 and 
May 9 show the star at magnitude 9 





Variable Star Notes. 


U AURIGAE 


1908 November 3, 9 Magnitude 


November 11, 8.7 Magnitude 
December 10,10.5 Magnitude 
December 14, 11 Magnitude 
December 16,11.5 Magnitude 
December 28 Invisible 


The above estimates are founded on the magnitudes of the comparison stars 
used in POPULAR ASTRONOMY, January 1899, page 43. 
SS CyGni 
1908 August 23, 9:15—Of 11.9 magnitude. 
August 24, 8:50—The same 
August 26, 8:40—The same 
August 28, 8-45—The same 
August 29, 8:40—Between c and d or of 10 magnitude 
September 9, 8:12—About 9.2 magnitude 
The comparsion stars used are those in PopuLAR AsTRONOMY, September 1897, 
page 272. 
U GEMINORUM 
On 27 evenings distributed between the 8th of January and the 11th of 
March 1908, this irregular variable was invisible in a four inch lens. Past seven 
was the hour of observation. The stars lettered on the excellent chart in 
POPULAR ASTRONOMY for May, 1897, page 19, were used for comparisoa during 


a recent maximum observed as follows: 
1909 January 28, 30 —Invisible F of 11.2 magnitude also invisible. 
Moonlight 
February 15, 16, 18, 20 —Invisible. F and h visible 
February 22, 25 —Invisible 
March 10, 7:15 —Equal to b, less than a 
March a2, 22, 7:6 —The same 
March 14, 16, 7:15 —Less than h. equal to e, brighter than F 
March £7, 25 —Less thane, brighter than F 


U HERCULIs 
Maxima of this star, whose period is about thirteen months, were observed 
in 1906, from April 27th to May 20th, and in 1907, on the 8th and 9th of 
June. In 1908, it had not advanced beyond 10th magnitude on June 19th, and 
this present year just emerged from invisibility on the 13th of May, when it was 
barely discernible in a four inch lens. 
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V BootTis 


Twelve observations of this variable, between the 13th of April and the 
13th of May, showed a maximum of about 7th magnitude. 


On the latter date, 
no decrease was yet noticeable. 


RosE O'HALLORAN. 
San Francisco, California. 





GENERAL NOTES. 


Ten Numbers a Year instead of one for each of the twelve months of 
the year seems to be a unending source of trouble to subscribers. We state 
again that PopuLAR ASTRONOMY is published monthly excepting two summer 
months. This number for June-July goes the last of June; the next number, that 
for August-September, will be mailed the last of August. We hope by remind- 
ing our readers of the above facts we shall save some scores of subscribers the 
trouble of sending in complaints of failure to receive an August number! 





Times of Sunrise and Sunset inthe U. S. In our note, in the last 
issue, upon the above entitled pamphlet of Professor Robert W. Wilson of 
Harvard University, we neglected to say that the book can be ordered from the 
publishers, Harvard Coéperative Society, price in paper covers, $1; stiff covers, 
$1.25. 





Origin of Lunar Terrestrial System. You are authorized to make 
public the following cablegram sent from this Observatory to the Astronomische 
Nachrichten to-day : 

“Have proved Lunar Terrestrial System originated by capture, and that 
Moon came to Earth from heavenly space.—See.”’ 

As this announcement will occasion general surprise even amnong astrono- 
mers, I will add that my proof of the capture of the satellites is based upon the 
methods of Hill, Poincaré and Darwin, and follows incontestably from the in 
tegral ot Jacobi when the latter is properly corrected by the addition of a 
secular term to take account of the secular effects of the resisting medium form- 
erly pervading our system (cf. A.N. 4308). It will be found that the proof, 
therefore, has all possible mathematical rigor, and the results admit of no dis- 
pute. Having applied the general method by which I have proved that the 
satellites as a class are captured to the case of the Earth and Moon, which is 
the only planetary subsystem admitting of any doubt, I find that the Moon, 
too, was captured. 

As this result will require considerable revision of the previous teachings of 
science, it is evident that the problems of the physics of the Earth, and of geol- 
ogy, as well as of astronomy, will have to be re-examined from the ground up. 
Meanwhile I ask the scientific public to exercise sufficient patience to enable me 
to get the work out in a presentable manner. Most 


of these results were 
established in July, 1908, and were freely discussed 


with personal friends in 
November and December; but my severe illness in January, February and March 
delayed the progress of the investigation for over three months, and I have only 
recently been able to resume it 


Mare Island, Cal. «4. 5. Bee. 
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Spectroscopic Work at the Tacubaya Observatory. Two years 
ago at the suggestion of Professor Valle, director of this observatory, solar, 
spectroscopic observations were begun here. The instrument, a Grubb spectro- 
scope, made for the 15-inch (880 mm.) equatorial, has four 60° prisms of heavy 
flint and one of double total reflection, and has a resolving power of nearly 
13,000. 

At first, observations were made on prominences noting the position, shape, 
size, and their general character. The lines used were C, F, and Ds. Later ob- 
servations of sun-spot spectra were included and weakened, obliterated, 
strengthened, distorted, and reversed lines were registered. 

Unfortunately this work could not be continued systematically on account of 
bad weather and the pressure of the principal work of the observatory; the 
astrographic chart. 

Our observatory was invited to join in the work of the International Union 
for Solar Research and in order to participate more actively the Director order- 
eda spectroheliograph of Steinheil in Miinchen. The illustration gives a good 
idea of the instrument fitted on the equatorial. It isa fine piece of work not- 
withstanding some small defects. These, I hope, may soon be corrected in 
Europe. 

The camera and collimator are of equal focal-length and of 25 mm. 
aperture. The ratio is 1:17. As the ratio of the object glass of the telescope 
is approximately 1:13 the collimator does not use the tull light-gathering 
power of the objective. The dipersion train, composed of a mirror, a simple 
prism and a compound prism gives a total deviation of 180°. During the ex- 
posure the plate is stationary and the dipersion system with the collimator and 
camera and slits are driven by springs, the motion being controlled by oil 
clepsydrae. 

In the present condition of the instrument the first slit does not close to 
uniform width producing non-uniformity of exposure on the negative. The 
second slit has the appropriate curvature, matching the first, and stands 5 mm_ 
in front of the plate. On account of this excessively great distance, it is im 
possible to have the slit and spectrum line in focus at once even with the small 
magnification used, and it is difficult to set on the lines and wellnigh impossible 
beforehand to say what part of H or K is used. On account of the small size of 
the spectroheliograph, the Sun must be photographed in two or three parts in 
order to obtain a complete register of its surface. 

The photographs reveal the flocculi very clearly and much fine detail over 
the surface. A comparison of our plates with those obtained at the Ebro Ob- 
servatory at Roquetasin Spain is favorable to us. Our plates show more and 
finer details. However, our solar image has a diameter of 5 cm. while that 
of the Ebro is but 3 cm. 

The solar observational program will include observations of prominences 
and chromosphere with the Grubb spectroscope, daily photographs with the 
Dallmeyer photoheliograph, and records of the calcium flocculi with the spectro- 
heliograph, after the defects of this instrument are corrected. 

The best hours for solar observations are in the early morning and near. 
noon from 11 to 2 o'clock. 

Tacubaya Observatory, Mexico, Joaguin GALLo. 
March, 1909. 
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New Astronomical Observatory at Dayton, Ohio. We notice by 
the papers that an amateur Astronomical Society has been formed at Dayton, 
Ohio, and that it isin the plans of the Society soon to build an observatory in 
the outskirts of the city. 

The president of the Society is Geo. R. Young, and the secretary is Perle L. 
Sagebill. 





Observatory in South Chicago. The Chicago Tribune of May 23, 
contains a description of an observatory before unknown to us. It is a private 
observatory, owned by a Lithuanian priest by the name of Anton Petrajtis, 
and is near Eighty-ninth and Palmer streets. The object glass of the instru- 
ment is eleven inches in diameter, and the eye-pieces have the ordinary range for 
the size of the objective. The accessories are 
crometer, and a telescope. 


a photographic camera, a mi- 


Mr. Petrajtis is a Russian and evidently much interested and in love with 
astronomy todo allthat he is doing for that science in addition to the parish 
work, which claims, it is said, his first and best attention. His people love him 
greatly, and there is reason for it, when it is known that he delights to in- 
struct the common and the uueducated people in the wonders of the heavens 
which he can so well do with a telescope as large as that he possesses. 





Solar Halos, accompanied by parhelia, or sundogs, which are rarely 
seen in our latitude, have been witnessed at Wellesley, latitude 42° 17’ 42” 
number of times chis winter. The finest displays were the 

February 24 and March 16. 


ae 
afternoons of 


February 24 about 5 P. M. (eastern time) the low Sun was surrounded by 
a rainbow circle which theory shows to be 22°.5 in radius. On this circle, right 
and left, were the sundogs or parhelia, bright with prismatic color, and just 
above the Sun was an arc of a tangent circle. At least a quadrant of a larger 
circle 45 degrees in diameter was seen. This display lasted until sunset 
a white glow like a flash-light streaked vertically upward 


when 


If \ 


\ 
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March 16 about 4:30 Pp. M., the Sun was again surrounded by the circle of 
22°.5 radius, and attended right and left by prismatic parhelia, also the flash- 
light vertical streak appeared. But this time while there was nothing of the 
45° circle, there was a circle which would have been tangent to it seen around 
the zenith in which the rainbow coiors were very strong. 

Several observers noted different mornings in March fragments of circles and 
prismatic parhelia attending the rising Sun. 

I know of no such remarkable displays as these I have described above seen 
here for many years. 

The best discussion, of which I know in English, of these complicated halos 
is in Hastings’s treatise on Light. There a picture is given of a halo of complete 
development seen by Arctic explorers and the halos described above can be seen 
to be fragments of such a display. 

It is there shown that phenomena of this sort are due to the refraction and 
total reflection of light by hosts of hexagonal ice crystals in the upper air, of 
either the plate form, or with longer axes. These crystals each consist of six 
sixty-degree prisms, and twelve right angled prisms formed by the relation of 
their sides, and they may lie in the air with their axes directed or uxdirected. 

It can be seen from the drawing reproduced from Hastings that, when all 
conditions are favorable, a complete display includes a circle about the Sun of 
22°.5 radius, another of 45° radius, a rainbow circle tangent to the second 
about the zenith as a center, a circle through the Sun parallel to the horizon 
on which are various parhelia, also a number of tangent ares. 

Whitin Observatory, SARAH F. WHITING. 
Wellesley College. 





Rev. Frederic Campbell, Sc. D., of Brooklyn, N. Y., has recently been 
re-elected to the office of President of the Department of Astronomy in the 
Brooklyn Institute of Arts and Sciences. Dr. Campbell is writing for the Insti- 
tute Bulletin; he furnishes the science illustrations and astronomical articles 
for the Boy's World, and the daily astronomical items, together with a monthly 
survey, to asymdicate of papers through the American Press Association. 





Cheltenham Magnetic Observatory. An interesting quarto volume 
of 205 pages has just come to hand from the Department of Coast and Geo- 
detic Survey, giving the results of observations made at the Cheltenham Mag- 
netic Observatory at Cheltenham, Maryland during 1901 to 1904, under the 
direction of O. H. Tittmann, superintendent, and by Daniel I.. Hazard, com- 
puter in the division of terrestrial magnetism. 

This report gives a full account of the Observatory and its surroundings, 
and the observational work done there during the peroid named above. The 
reproduction of the magnetograms showing the principal magnetic storms 
during 1902-1904, is a feature of general interest for any one who is desirous of 
making a comparison between the ordinary and the magnetic storms of this 


period. 





Perrine’s Preliminary Account of the Solar Parallax by Eros. 
C. D. Perrine of Lick Observatory has recently published a preliminary account 
of the solar parallax, in the Lick Observatory Bulletin, No. 150, derived from 
photographs of Eros, taken with the Crossley reflector in 19V0 between Oct. 6 
and Dec. 24. In describing this work, Mr. Perrine says :— 
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“Of the 965 plates obtained, 410 were selected for measurement and reduc- 
tion. 129 of these taken near the meridian on 44 nights were used in deter- 
mining the place of the asteroid and the correction to the ephemeris. The 
remaining 281 plates were exposed on 18 nights at as great hour angles as 
possible, for the determination of parallax. Out of about 1400 images of Eros 
and the comparison stars which these 281 negatives contain, only 823 were 
considered perfect enough for measurement. The observations are about equal- 
ly divided between east and west hour angles. Only such plates as were ob- 
tained under favorable conditions have been used 

Besides Eros, from six to ten comparison stars were measured on each 
negative. The accurate positions of these comparison stars were obtained 
from the plates taken with the larger-field astrographic telescopes by other 
observers. These positions were very fully discussed by Professor Hinks of the 
Cambridge Observatory. His results were used as far as possible in the Cross- 
ley work. A few star places were deduced from the Crossley meridian plates. 
The plates were all measured on the Stackpole engine. Systematic errors in 
measurement and reduction were guarded against as far as possible. 

Two systems of reduction were adopted. The first used the same stars for 
the east and west plates, to eliminate the effects of errors in the star places. 
The second used stars symmetrically situated about Eros, to eliminate possible 
distortions of the mirror, errors of refraction, aberration of the star images, etc. 

The details of the measures and reductions will be published by the Carnegie 
Institution of Washington, which provided funds for this part of the work. 
Only the results will be given here. The slight differences between the results 
of so many combinations seem to make it unnecessary to go into further re- 
finements of weighting and selection. If we take the simple mean of the four 
values derived respectively from all equations, all equations under 0.’050, all 
dates, all dates (October 13 revised), weighted by the square root, we find 
values which differ but slightly from those based on any of the other reason- 


able assumptions. I, therefore, consider the following as the most probable 
values of the solar parallax from the two solutions 

Solution 1 8’’.80 L’” 070 

Solution 2 8 .80 1 0064 


As there seems to be no good reason why one of these values should be given 
greater weight than the other, the simple mean is adopted as the final result, 
making the value of the solar parallax 


r© — 8.8067 ” 0025 


The assigned probable error is not the result of any single assumption, but 
is estimated from the probable errors derived in several ways, as follows: 


P. E., 126 equations +’? 0027 
P.E., 96 equations + .0O18 
P.E., 18 daily means .0052 
P.E., 15 daily means (omitting largest 3 values) + 0034 
P. E.. 8 results used in final combination t .0Oi8 





Kustner’s Catalogue of 10,663 Stars between O° and 51° North 
Declination for 1900. The great bulk of the observations for this cata- 
logue were made in the vears 1894-1899; revision observations were, however, 
obtained when needed until 1903. The whole of the observations were made 
by Professor Kiistner himself, and the instrument—the 6-inch Repsold Meridian 
Circle of the Bonn Observatory—remained unaltered during the comparatively 
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short time over which the observations extended. Seeing that the observations 
numbered something like 30,000, the task has been a prodigious one for a 
single individual to have accomplished in so limited a time; it must clearly have 
required an extraordinary degree of energy and devotion on the part of Prof- 
essor Kiistner. Rather more than 7,000 of the stars are contained in cata- 
logues of the Astronomische Gesellschaft, and the hope is expressed that the 
present work may enable these catalogues to be compared more closely than 
has hitherto been possible with a uniform fundamental system. 

Professor Kiistner has investigated the effect of magnitude-equation both in 
right ascension and declination with great completeness. The effect isin part 
directly eliminated, since screens were used in observing the fundamental and 
other bright stars, in order to reduce them in the mean to magnitude 8.5; but 
in addition the magnitude equation both of the observer and of the fundament- 
al catalogue (that of Auwers) was determined. Protessor Kiistner’s magnitude- 
equation in right ascension proved to be very small; in declination it was 
considerably larger. The magnitudes of the stars were estimated at each 
observation, and, after all necessary corrections had been applied, reduced to 
the Potsdam scale. The resulting magnitudes are given in the catalogue. 

In the case of double stars occurring in the catalogue, measures of the posi- 
tions and magnitudes of the components were made with an equatorial, thus 
supplementing the meridian observations. 

A.S. E.in Monthly Notices, February, 1909. 





The Astrographic Chart and Catalogue. The annual report of 
this undertaking has now become little mere than a statement of the publica- 
tions issued during the year. At the beginning of 1908, volume ii. of the Green- 
wich Section was distributed, which completes the publication of the rectangular 
co-ordinates of the stars in the region from 64° N. to the Pole alloted to the 
Royal Observatory. The conversion of the co-ordinates into Right Ascension 
and Declination for such of these stars as have been previously observed and 
catalogued is proceeding. The fourth volume of the Oxford University Observa- 
tory Zone has been also published, containing 65,808 stars, which completes 
the publication of the measures of the stars from Dec. 32° N. to 27° N., and 
leaves two similar volumes to finish this section. A second volume, numbered 
Tome iii., containing all the stars between R.A. 6" and 9» in the zone Dec. 39° to 
47° N., has been issued from the Helsingfors Observatory, which gives equatori- 
al co-ordinates in the complete way explained when the first volume was 
published in 1904. From comparison of dates, an estimation may be made ot 
the time required to complete the eight volumes, which will contain the cata- 
logue of this zone. Neither Potsdam nor the French Observatories have 
published any instalments during the year, owing possibly to changes in the 
Directorships. The reports from the Cape and Melbourne show that the meas- 
uring of the stars in the South Pole region 41° to the South Pole is proceed- 
ing, and the formation of the catalogue for the remaining parts of the 
sky 47° to 64°N. Declination, and 3° to 41°S., is proceeding, it is believed, 
with more or less rapidity, but exact reports of the state of the work 
will no doubt be presented at the meeting of the Permanent Committee, which 
is to be held at Paris in April of this year. 

The number of enlargements of chart plates distributed up to the end of 
December last is 


Paris 331 San Fernando 165 
Algiers 399 Tacubaya 61 
Toulouse 158 Greenwich 934 


Bordeaux 70 
H. P. H.in Monthly Notices, February, 1909. 
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Summer Observations at Toronto. Several phenomena witnessed 
recently may be of some interest to astronomical readers. 

The eclipse of the Moon on June 3, was visible here, but through very foggy 
air. So cloudy was the air, that it was with difficulty the exact location of the 
Moon in the sky could be found. Eventually it did slightly emerge from the 
mists during the progress of the eclipse, when it appeared like the Moon four or 
five days old, but with the crescent lying reversed on the sky. Business prevent- 
ed my following the course of the eclipse, but when I was at liberty, shortly after 
twelve o'clock, the ‘just past full’ Muon shone with great brilliance on an al- 
most unclouded sky. 

On the evening of the 19th of May, i909, Jupiter's satellites presented the 
interesting phenomena of being all to the west of +he planet. Jupiter’s satellites 
all appear at: the one or other side of the planet at the same hour about three 
times a month. Jupiter seems to have been a little less clearly defined this year, 
than during other seasons. His belts are not difficult to observe, but features 
on the planet such as the exact shape of the belts, and the great red spot, have 
been quite beyond my observation. I have observed with a four inch refractor, 
and with a six inchand a fifteen inch reflector. Both of the latter are of my 
own construction. The fifteen inch I made this year, beginning to grind the 
mirror early in February. 

The Moon in the fifteen inch is a wonderful sight. Something I had not seen 
before appeared when looking at the Moon through it. A grayish light ap- 
peared to project beyond the Moon's terminator, and this light was different 
from the sky or anything in the vicinity. I concluded that this light was the 
Sun falling on territory of the Moon beyond the regular terminator, and which 
territory was sufficiently hilly to permit of parts of its surface barely reaching 
the first touch of sunlight. An atmosphere on the Moon would have accounted 
for this appearance, but the existence of a lunar atmosphere is so universally 
denied that to suggest it is almost out of the questio1 

The lights and shadows on the Moon during its first quarter, were magnif- 
icently revealed with the fifteen inch reflector. I have powers for it up to about 
650, but not much advantage is derived in going higher than about 300; and 
my own preference is for a considerably lower power than that,—about 200— 
being very satisfactory. 

Last night tke Sun at setting was as red as I ever remember seeing it. Its 
color was just about as red as the flower we call the bleeding heart. A curious 
illustration of the tricks played by the atmosphere was very noticeable. A 
cloud lay across the face of the Sun, dividing the upper two-thirds from the 
lower third. The division was in the form of a narrow band. But the lower 
third seemed tc be a segment of a circle which lay a little farther above the 
horizon than the other two-thirds of the Sun. The fact that the two parts of 
the Sun did not form a complete circle where the narrow cloud belt removed 
was most apparent. Most likely atmospheric refraction was responsible for the 
phenomena. 

To-day there is one very large sun-spot visible, and close to it a sizeable 
group is seen. The first of these—the large sun-spot,—is surrounded by a 
penumbra every part of which is as wide as the sun-spot itself. If the sun-spot 
be a cavity, and the penumbra be its sloping edges, these edges must be of 
great extent. In the outer extremity of the penumbra is a well defined sun- 
spot also. : ALBERT R. J. F. Hassarp. 

Toronto, Canada, 

June 7, 1909. 
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FOR SALE. 


List of Books belonging to Wm. Moraes Pereiora of Ponta 


Delgada, Azores. 
{for particulars, write Prof. W. H. Pickering, Harvard 


Observatory, Cambridge, 
Massachusetts, U.S. A,] 


ANNALS OF THE ASTRONOMICAL OBSERVATORY OF HARVARD COLLEGE— 
DIRECTOR Epwarp C. PICKERING. 


Vol. 14, Part 1. Observations with the Meridian Photometer during the 
years 1879-82. 

Vol. 14, Part 2. Observations with the Meridian Photometer during the 
years 1879-82. 

Vol. 23, Part 1. Discussion of observations made with the Meridian Photom- 
eter during the years 1882-88. 

Vol. 23, Part 2. Discussion of observations made with the Meridian Photom- 
eter during the vears 1882-88. 

Vol. 24. Results of observations with the Meridian Photometer during the 
years 1882-88. 

Vol. 34. A Catalogue of 7922 Southern Stars with the Meridian Photom- 
eter during the years 1889-91. 

Vol. 44, Part 1. Photometric revision of the Harvard Photometry during 
the years 1891-94. 

Vol. 44. Reduction of observations made with the Meridian 
during the years 1892-98. 

Vol. 45. A Photometric Durchmusterung observed with the Meridian Photom- 
eter during the vears 1895-98. 

Vol. 45, Part 1. Observations with the Meridian Photometer during the 
years 1899-1902. 

Vol. 46, Part 2. Observations of Variable Stars made with the Meridian 
Photometer during the years 1892-98. 

Vol. 29. Miscellaneous Researches made during the years 1883-1893. 

Vol. 33. Miscellaneous Researches made during the years 1894-1899. 

Vol. 48. Miscellaneous Researches made during the years 1902-03. 

Vol. 37, Part 2. Fifty-eight Variable Stars of long period during the years 
1890-1899. 

Vol. 57, Part 1. Seventy-five Variable Stars of long period during the 
years 1902-05. 

Vol. 62, Part 1. Determination of Constants for the Reduction of zones 
observed with the Meridian Circle during the years 1888-1898. 

Vol. 47, Part 1. A Photographic Study of Variable Stars forming a part of 
The Henry Draper Memorial. 

Vol. 52, Part 1. Eclipses of Jupiter’s Satellites 1878-1903. 

Vol. 55, Part 1. Second Catalogue of Variable Stars. 

Vol. 37, Part 1. Observations of Circumpolar Variable Stars during the 
years 1889-1899. 

Vol. 35. Journal of the zone observations of the stars between 49° 50’ and 
55° 10’ of North Declination observed with the Meridian Circle during the 
years 1875-85. 

Vol. 27. The Draper Catalogue of Stellar Spectra. 

Vol. 38. A Discussion of Variable Stars in the Cluster w Centauri. 

Vol. 28, Part 2. Spectra of Bright Southern Stars asa part of The Henry 
Draper Memorial. 

Vol. 28, Part 1. Spectra of Bright Southern Stars as a part of The Henry 
Draper Memorial. 

Vol. 53. Miscellaneous Investigations of The Henry Draper Memorial. 

Circulars 1 to 50-51 to 100. 

Vol. 18. Magnitudes of Stars Employed in Various Nautical Almanacs. 


Photometer 





Uranometria Argentina.—Brightness and position of every fixed star down 
to the seventh magnitude within one hundred degrees of South Pole—by Ben- 
jamin Apthorp Gould—with an Atlas. 
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Results of the National Argentine Observatory—Cordoba Durchmusterung 
—brightness and position of every fixed star down to the tenth magnitude, 
between 32 and 42 degrees of South Declination for the Mean Equinox of 1875 
With an Atlas by John H. Thomé—Director. 

Results of the National Argentine ( Jbservatory, Cordoba Durchmusterung— 
Brightness and position of every fixed star downto the tenth magnitude be- 
tween 22 and 32 degrees of South Declination. John M. Thomé, with an Altas 

Vol. 39, Part 1. Peruvian Meteorology—1888.1890 

Vol. 24, Part 1. Preparation and Discussion of the Draper Catalogue 

Vol 32, Part 21. Visual Observations of the Moon and Planets. 

Vol. 51. A photographic Atlas of the Moon. 

Vol. 25. Comparison of Positions of Stars between 49° 50’ and 55° 10’ of 
North Declination and observed with the Meridian Circle during the vears 
1870-1884. 

Vol. 18. Index to Observations of Variable Stars. 

Vol. 50. Geometrical Methods in the Theory of Combining Observations 

Publications of West Hendon House Observatory Sunderland—Observation 
of Variable Star made in the years 1866-1904, by T. W. Backhouse, F. R. A.S 
—3 Volumes 

Astronomical Observations in the Arctic Seas by Elisha Kent Kane, M. D.. 
M. L. N., made during the Second Grinnel Expedition in search of Sir John Frank- 
lin 1853-1854. ‘ 

A Catalogue of 16,748 Southern Stars by the U. S. Naval Astronomical 
Expedition to the Southern Hemisphere during the years 1849-50-51-52.— 
Lieut. Y. M. Gitciss, L. L. D. 

Recherches Astronomiques de l’observatoire d’Utrecht LII—]. Van Boebhoven 

Astronomische Beobachtungen aut der -Sternewarte der Kénighichen Fried- 
rich Wilhelms—Universitat zi Bonn von Dr. Eduard Schinfeld 

Verzuchniss der von Bradley Lalande und Bessel beobachtehn Sterne in dem 
Theibe des Himmels zewischen 0" 56’ bis 2" 4’ gerader Aufsteigung und 15 
siidlicher bis 15° nérdlicher Abweichung bis 22" 56’ bis 0" 4’ von Herrn Professor 
Harding in Gottingen. 

Untersuchungen iiber den Lichtwechsel Algols by Ant. Pannekoek. 

Results ot the Spectrescopic and Photographic Observations in the vear 
1899 under the direction of W. H. H. Christie, C. B., H. A., F. R. S., Astronomer 
Royal Observatory, Greenwich, and five more volumes 1900-05. 

Observations of the Spots on the Sun, from November 9, 1853 to March 24, 
1861. Made at Redhill, by Richard Christopher Carrington, F. R. S. 

Memoirs of the Royal Astronomical Societvy.—Vol. 49, Part 1. 


Cours d’Astronomie Pratique. Application a la Geographie et a la Navi 
gation, par E. Caspari. 
American Pratical Navigator. Bowditch 1896 


lraité d’'Astronomie Stellaire par Ch. André—Two Volumes. 

A Text Book of General Astronomy, by Charles A. Young 

The System of the Stars, by Agnes M. Clerke 

The Law of Storms in the Eastern Seas, by W. Doberck 

Depots des Cartes et Plans de la Marine—Notions sur le Phénomneé des 
Mareés, par M. P. Hatt. 

An Introduction to Celestial Mechanics, by F. B. Moulton, Ph D. 

Logaritlimes de Callet. 

Loomis’s Algebra. 

Lecons de Cosmographies, par M. M. F. Tisserand—H. Andrye1 

Lecons de Géometrie Analytique, par Lefébure de Fourcy 

The Solar System as it is, by R. J. Morrison. 

The Earth’s Beginning —Sir Robert Ball. 

Traité d’Astronomie Pratique pour Tous. Methodes d’observations, par 
Gelion Towne. 

Problimes d’Algebra et Exercises de Calcul Algebrique avec les Solutions, par 

G. Ritt. 

Cours de Cosmographie a l'usage aux Baccalauréats, par P. Porchon. 

The Principles of Mechanics—Hertz Translated by D. E. Jones, J. T. Walley 

Thoérie du Mouvement des Corps Celestes. Traduction du ‘‘Theorea Motus” 
de Gauss suivie de notes par Edmond Dubris 

Loomis’s Practical Astronomy 
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Loomis’s Trigonometry and Logarithms. 

Treatise on Astronomy, by Elias Loomis. 

A Treatise on I)ynamicos of a Particle with Numerous Examples by Peter 
Gunttie Tait, M. A. 

Outlines of Astronomy, by Sir John Herschell. 

Elements of Natural Philosophy by Lord Kelvin and Peter Guthrie. 

Traité de Mécanique Rationelle, par M. Ch. Delauny. 

Cours d’Astronomie, par Edmond Dubris. 

Unités et Constantes Physiques, par Jules Raymand. 

The Science of Mechanics, by Thomas M. Cornack. 

A Treatise on Plane Spherical Trignometry, by William Chauvenet. 

Table de Logarythems a’cing Decimales, par J. Hoiiel. 

The Fractional Calculator, by James Page. 

The Principles of the Differental and Integral Calculus, by Thomas Tate. 

Integ. Calculus by Cox. 

Integ. Calculus by Haun. 

The Indian Eclipse 1898 edited by E. Walter Maunder, F. R. A. S 

Photographs ot Stars, Star Clusters and Nebulae.—Isaac Roberts, D. Sc., 
ee A 

The Astronomical Journal founded by B.A. Gould. Vol. 23-24, January 
1903 to January 1904, and January 1904 to January 1905. . 

Bulletin de la Societé Astronomique de France et Revue Mensuelle d’Astron- 
omie, de Météorologie et de Physique du Globe.—1901 to 1995. 

Revue d’Astronom‘e Populaire, par Camille Flammarion 1882-83 et 1891- 
95. 

Connaissances des Temps—16 Volumes—1892 to 1908. 

The Nautical Almanac 1890 to 1908—18 Volumes. 

Atlas Celeste, comprenant toutes les cartes de l’Adcien Atlas de Ch. Dien, 
rectifiés, augmenté et enrichi de cartes nouvelles. 

Bonner Sternkarten-Zweite Serie Atlas der Himmelzone zwischen 1° und 
23° siidlicher Declination fur den Anfang des jahres 1885—Als fortszung des 
Bonner Atlas des NGrdlichen gestirnten Himmels in den jahren 1876 bis 1885. 
—Dr. E. Schonfeld. 

Cordoba Durchmusterung Mapas. 1893. 

Atlas Ecliptique—Annales de l’observatoire Imperial de Paris, par M. 
Chaeornoe. 

Whitakér’s Almanac 1891 to 1899—1900 to 1908 

Traité de Mecanique Celeste—5 Volumes de Laplace. 

Exposition du Systéme du Monde, par M. Le Marquis de Laplace. 5th 
Edition. 

O Eclipse do Sol de 1900(—Mais 28) em Portugal. 

Theoretical Astronomy—Watson. 

Memoirs of the British Astronomical Association—Edited by F. W. 
Levander, F. R.S. 1891-1903. 

Recueil des furmules nécessaires 4 la détermination des Orbites. 

Lecons de Mécanique Céleste, par H. Poincaré. 

Les Méthodes Nouvelles de la Mécanique Celeste, par H. Poincaré. 3 
Volumes. 

Les Lois Fondamentales de |’Univers, par le Prince Grigori Stourdza. 

Traité de Géometrie Descriptive, parC. F. A. Leroy, revue et annotee par 
M. E. Martelet. 

The decimal publications on certain rigorous Methods of treating Problems 
in Celestial Mechanics, by F. R. Moulton. 

Cours d’Astronomie de |’ Ecole Polytechnic, par J. H. Faye. 

Logarithemes de Gauss to 7 Decimals, von Theodore Witsstein. 

Traité d’Astronomie Pratique comprenant L’Exposition du Calcul des Ephem- 
erides des Astronomiques et Nautiques, par M. Abel Souchon. 

Traité de Mécanique Celeste, par F. Tisserand. 

Lecgons sur la Determination des Orbites, par Tisserand, avec un préface 
de H. Poincaré. 

Traité de la Determination des Orbites des Cométes et des Planétes, par le 
Chevaher Theodore L’Oppolzer. 

Cours d’Algebre de Combernusse—Two Volumes. 

Cours Complet de Mathematiques Pures, par L. B. Francoeur. Two Volumes. 





